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(54) SYSTEM AND METHOD FOR PLASMA TREATMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma 
treatment system capable of maintaining a process 
repeatability and reliability by low cost over a long 
period of time by controlling a temperature inside of 
a reactor and a deposition of a reaction product on 
a wall of the reactor without causing any historical 
change in an etching characteristic. 
SOLUTION: In a plasma treatment system treating a 
wafer W by generating plasma in a treatment 
chamber with an interaction between 
electromagnetic wave radiated from an UHF band 
antenna 110 provided in a treatment chamber 100 
and magnetic field formed by a magnetic field 
forming means 101 provided about the periphery of 
the treatment chamber 100, a jacket 103 is 
removably held on a side wall 102 of the treatment 

chamber 100 and a temperature on an internal surface of the side wall is constantly 
controlled to sufficiently lower temperature than that of the wafer. The composing 
components, a ring 116 and a sample stand 132, capable of being applied by bias 
voltage in the reactor are structured so that the bias voltage is partially applied and a 
heat capacity of all the components is extremely made small. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A vacuum treatment chamber. 
A plasma generator. 

A raw gas feeding means which supplies gas to a processing chamber. 

An electrode holding a sample processed in this vacuum treatment chamber. 

A vacuum pumping system which decompresses this vacuum treatment chamber. 

Are the plasma treatment apparatus provided with the above, and at least one or more 

kinds of gas of presentation that a polymerization film is formed in said raw gas of 

plasma discharge is included, The 1st [ at least / or more ] page of an internal surface 

which plasma-izes said raw gas by plasma discharge in said processing chamber, and 

touches plasma inside said processing chamber, or the surface of an internal 

component, It controls to prescribed temperature lower than temperature of said 

sample processed, and a firm polymerization film is made to form in said processing 

chamber internal surface. 

[Claim 2]A plasma treatment apparatus making temperature of said processing 
chamber internal surface into prescribed temperature lower not less than 5 ** than 
temperature of said sample, and controlling it by accuracy of less than **10 ** in the 
plasma treatment apparatus according to claim 1. 

[Claim 3]A plasma treatment apparatus making temperature of said processing 
chamber internal surface into prescribed temperature lower not less than 20 ** than 
temperature of a sample, and controlling it by accuracy of less than **10 ** in the 
plasma treatment apparatus according to claim 1 . 

[Claim 4]A plasma treatment apparatus making temperature of said processing 
chamber internal surface into prescribed temperature of 0 ** or more a field 100 ** or 
less, and controlling it by accuracy of less than **10 ** in the plasma treatment 
apparatus according to claim 1. 

[Claim 5]A plasma treatment apparatus making temperature of said processing 
chamber internal surface into prescribed temperature of not less than 20 ** a field 80 
** or less, and controlling it by accuracy of less than **10 ** in the plasma treatment 
apparatus according to claim 1. 

[Claim 6]A plasma treatment apparatus process pressure of said processing chamber 
being 0.1 Pa or more 10 Pa or less in a plasma treatment apparatus of a statement at 
claims 1 thru/or 5. 

[Claim 7]A plasma treatment apparatus process pressure of said processing chamber 
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being 0.5 Pa or more 4 Pa or less in a plasma treatment apparatus of a statement at 
claims 1 thru/or 5. 

[Claim 8]A plasma treatment apparatus making into an exchangeable structure a 
member which constitutes said processing chamber internal surface in a plasma 
treatment apparatus given in claims 1 thru/or 7. 

[Claim 9]A plasma treatment apparatus including a treatment process which controls 
growth of a polymerization film formed in said processing chamber internal surface in a 
plasma treatment apparatus given in claims 1 thru/or 8. 
[Claim 10]A vacuum treatment chamber. 
A plasma generator. 

A raw gas feeding means which supplies gas to a processing chamber. 

An electrode holding a sample processed in this vacuum treatment chamber. 

A vacuum pumping system which decompresses this vacuum treatment chamber. 

At least one or more of the wall component parts which are the plasma treatment 

apparatus provided with the above, and touch plasma inside said processing chamber. 

It constitutes so that surface area which bias is impressed to at least a part of 

component side concerned, makes calorific capacity of the parts concerned small 

enough, and touches plasma of the part concerned may be made small. 

[Claim 1 1]A plasma treatment apparatus making temperature of said wall component 
parts into the not less than 100 ** range of 250 ** or less in the plasma treatment 
apparatus according to claim 10. 

[Claim 12]A plasma treatment apparatus making temperature of said wall component 
parts into the not less than 150 ** range of 200 ** or less in the plasma treatment 
apparatus according to claim 10. 

[Claim 13]A plasma treatment apparatus process pressure of said processing chamber 
being 0.1 Pa or more 10 Pa or less in a plasma treatment apparatus of a statement at 
claims 1 1 thru/or 12. 

[Claim 14] A plasma treatment apparatus process pressure of said processing chamber 
being 0.5 Pa or more 4 Pa or less in a plasma treatment apparatus of a statement at 
claims 1 1 thru/or 12. 

[Claim 15]A plasma treatment apparatus, wherein shape of said wall component parts 
is ring shape in a plasma treatment apparatus given in claims 11 thru/or 14 and 
surface areas which touch plasma of the part concerned are 20% or less of whole 
surface products of said processing chamber wall. 

[Claim 16]A plasma treatment apparatus, wherein shape of said wall component parts 
is ring shape in a plasma treatment apparatus given in claims 1 1 thru/or 1 5, the 
thickness is 6 mm or less and an inside diameter is more than a diameter of a sample. 
[Claim 1 7]A plasma treatment apparatus constituting so that an infrared light absorber 
may be formed in the plasma treatment apparatus according to claim 10 near the side 
which touches plasma of said wall component parts, and controlling temperature of the 
parts concerned by an infrared irradiation means remotely. 

[Claim 18]A plasma treatment apparatus making temperature of said wall component 
parts into prescribed temperature of the not less than 100 ** range of 250 ** or less, 
and adjusting it in accuracy of less than **10 ** in the plasma treatment apparatus 
according to claim 17. 

[Claim 19]A plasma treatment apparatus making temperature of said wall component 
parts into prescribed temperature of the not less than 150 ** range of 200 ** or less, 
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and adjusting it in accuracy of less than **10 ** in the plasma treatment apparatus 
according to claim 17. 

[Claim 20]A plasma treatment apparatus characterized by a plasma generator being 
either an owner magnetic field UHF band electro-magnetic-radiation method, a 
magnetron method, a parallel plate method or an inductive-coupling method in a 
plasma treatment apparatus given in claims 1 thru/or 19. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a suitable plasma treatment apparatus 
and plasma processing method to start a plasma treatment apparatus and a disposal 
method, especially form the detailed pattern in a semiconductor manufacturing 
process. 
[0002] 

[Description of the Prior Art]In the semiconductor manufacturing process, the plasma 
treatment apparatus is widely used, for example in micro-processing processes, such 
as membrane formation, etching, and ashing. It performs predetermined processing by 
exhausting a volatile resultant while the process by plasma treatment plasma-izes the 
process gas introduced into the inside of a vacuum chamber (reactor) by a plasma 
generation means, is made to react on the semiconductor wafer surface and performs 
micro processing. 

[0003]In this plasma treatment process, a reactor wall, the temperature of a wafer, or 
the piling state of the resultant to a wall has big influence on a process. If the resultant 
deposited on the inside of a reactor exfoliates, it will become a cause of raising dust 
and will lead to degradation of an element characteristic, or the fall of the yield. 
[0004]For this reason, in a plasma treatment apparatus, in order to keep a process 
stable and to control generating of a foreign matter, it is important to control 
deposition of a resultant on the temperature and the surface inside a reactor. 
[0005]For example, to JP,8-144072,A. In order to raise the selection ratio in the dry 
etching process of silicon oxide, The dry etching system which carries out control 
maintenance of the temperature of each part inside a reactor in the accuracy of less 
than **5 ** at the not less than 150 ** high temperature value of 300 ** or less 
(desirably not less than 200 ** 250 ** or less) higher not less than 150 ** than the 
temperature of an etching stage is indicated. Thus, by carrying out heating control of 
the temperature of each part of a reactor inner surface to an elevated temperature, 
the coating weight of the plasma polymer to a reactor inner surface decreases, the 
coating weight of the plasma polymer to a semiconductor wafer top increases, and a 
selection ratio improves. 

[0006]In a parallel plate type plasma treatment apparatus in JP,5~275385,A, The 
device which provided temperature up and the heating method to maintain in the 
temperature at which the resultant produced by plasma treatment does not adhere to 
at least one side of a clamp ring (processed object holding mechanism) and a focus 
ring (plasma concentration means) is indicated. The resistance heating element is used 
as a heating method. Since adhesion of a resultant can be prevented with heating, 
exfoliation of a resultant and adhesion of the particle to a processed body surface are 
reduced. 
[0007] 

[Problem(s) to be Solved by the Invention]As mentioned above, control of deposition 
[ in a plasma treatment apparatus ] of a resultant in the temperature and the wall 
surface of a chamber internal surface is important. 

[0008]However, when the temperature of a chamber internal surface and the wall 
surface which has a large area especially is set as an elevated temperature (200 ** - 
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not less than about 250 **), etching properties become very sensitive to the 
temperature of a wall surface, and there is a problem that the reproducibility and the 
reliability of a process fall easily. 

[0009]For example, In S.C. McNevin, et al., J. Vac. Sci. Technol. B 15(2) Mar/Apr1997, 
p. 21, 'Chemical challenge of submicron oxide etching 7 . In inductive-coupling type 
plasma, if side wall temperature changes from 200 ** to 1 70 **, it is shown that an 
oxide film dirty rate increases not less than 5%. As this reason, due to the fall of side 
wall temperature, more carbon comes to stick to a wall, deposition of carbon to a 
wafer top decreases, and what the oxide film dirty rate increased is conjectured. Thus, 
in order that plasma may especially interact with a reactor wall strongly by high density 
plasma in a high temperature region, by change of the temperature balance inside a 
reactor, deposition of a resultant in a wall surface and a surface presentation change 
will progress quickly, and will appear as change of etching properties. 
[0010]In a high temperature region, the interaction of the above-mentioned plasma and 
a wall becomes very sensitive to a temperature change. For example, the 
thermodynamic expression of relations between the dirty rate by F atom of Si02 and a 
wall temperature is reported the case where Si02 is used as an internal-surface 
material, If (D. LFIamm, et al., J. Appl. Phys., 50 and p. 621 1 (1979)) and this expression 
of relations are applied to a not less than 150 ** temperature range, in the degree of 
wall temperature, above 200 to 250 **, the dirty rate increases rapidly exponentially. 
[001 1]Therefore, in such a high temperature region, less than **5 ** and high 
accuracy are required of temperature control, for example. However, since an internal 
surface is exposed to high-density plasma, it is not easy to control the temperature of 
a wall surface by such a high temperature region with high precision. In order to realize 
this, a temperature detecting means and the heating method of a heater, a lamp, etc. 
will be used for temperature control, but the mechanism and means of temperature 
control will be ******. Since a resultant is not deposited on an internal surface in such 
a high temperature region, a wall surface is etched by plasma and exhausted. 
Therefore, it is necessary to exchange the parts of an internal surface periodically, and 
leads to a cost rise of consumable goods. Since heating takes big energy, it is not 
desirable from a viewpoint of energy expenditure. 

[0012]The same problem is applied also about heating of a wafer and the ring of the 
circumference of an electrode. Although adhesion of a resultant can be prevented by 
heating and carrying out temperature up of the ring, heating machine styles, such as a 
resistance heating element, complicate an equipment configuration. Even if it can 
prevent adhesion of a resultant, when a ring and a wall surface are etched with plasma 
and it exhausts, there is a possibility that the component itself may serve as a new 
source of raising dust. If the parts of a ring or an internal surface are furthermore 
exhausted, it is necessary to exchange these periodically and will lead to a running 
cost rise of a device. 

[0013]The one method of solving such SUBJECT is protecting a chamber internal 
surface in the surface coating layer by polymer. For example, to JP,7-31 2363,A, the 
temperature of the buck of a work piece (workpiece) is maintained in the state higher 
than the wall surface of a chamber, and the plasma etching device which makes a 
surface coating layer form in a chamber internal surface is indicated to it. And it is 
supposed that remains accumulation into the chamber of the contaminant by a 
resultant will be reduced by capturing and accumulating contaminant particles into a 
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polymer film. 

[001 4] However, it does not aim at protection of a wall surface in this case, and capture 
of contaminant particles is the purpose. The temperature at the time of making a 
surface coating layer form in a chamber internal surface is [ only being described as 
the value lower not less than 5 ** than a work piece (workpiece), and ], and 
consideration is not made about the range of temperature, and the accuracy of control. 
A pressure range is also a range of the high pressure force of hundreds mtorr(s) 
(several 10 Pa). However, membranous deposition temperatures change a membranous 
presentation and quality, and are conjectured to influence membranous peel strength 
and foreign matter generation. The temperature change of a deposited film leads to 
generating and exfoliation of a crack by repetition of thermal expansion and 
contraction, it is predicted that it becomes a cause of a foreign matter, and the 
accuracy of temperature control is an important factor. In the pressure range of tens 
of or less (several pascals or less) mtorr, it is thought by the mean free path of a raise 
in ion energy or a molecule becoming long that film deposition situations differ. 
Although it is necessary to remove the coating layer which took in the contaminant 
from a plasma treatment chamber wall surface and this carries out direct influence to 
the throughput and consumable-goods cost of a device by the above-mentioned well- 
known example, consideration is not made about this point. 

[0015]This invention is made in order to solve above-mentioned SUBJECT, and it is a 
thing. 

The purpose is to provide the plasma treatment apparatus which can maintain the 
reproducibility and the reliability of a process by low cost over a long period of time, 
without making etching properties produce a temporal change by controlling the 
temperature of **, and deposition of a resultant. 



[0016] 

[Means for Solving the Problem]This invention persons found out that a firm coating 
film was formed in an internal surface, when a pressure in a reactor was a field of 
several pascals or less, it was a temperature sufficiently lower than a wafer and 
temperature of a reactor internal surface was moreover controlled to constant 
temperature, as a result of repeating research wholeheartedly about aforementioned 
SUBJECT. As a result of still more detailed analysis, this coating film, The knowledge 
of that polymer polymerization is progressing and that a firm stratified structure is 
formed by controlling temperature at the time of film formation uniformly, therefore 
exfoliation or damage to a membrane surface not being seen and not becoming a cause 
of raising dust was carried out, so that temperature at the time of film formation was 
low. 

[001 7]"It is lower [ than a wafer / enough ] fixed" is a range lower not less than 5 ** 
than a wafer, and temperature of a reactor internal surface is a desirable range low not 
less than 20 **, and that as used in the above means controlling by accuracy of less 
than **10 **. When temperature under processing of a wafer is about 100 ** to about 
1 10 **, a temperature requirement means desirably 80 ** or less of 100 ** or less. 
[0018]By the way, on the other hand in an inside of a reactor, a portion or component 
parts with difficult control in the above low temperature regions also exists. This 
invention persons came to find out a method of controlling deposition of a resultant on 
the temperature and surface, without having a complicated heating machine style like a 
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heating resistor, as a result of repeating examination also about such a part. 

[001 9]It is made based on the above-mentioned knowledge, and is a vacuum treatment 

chamber. 

Plasma generator. 

A raw gas feeding means which supplies gas to a processing chamber. 

An electrode holding a sample processed in this vacuum treatment chamber. 

A vacuum pumping system which decompresses this vacuum treatment chamber. 

Are the plasma treatment apparatus provided with the above, and at least one or more 

kinds of gas of presentation that a polymerization film is formed in said raw gas of 

plasma discharge is included, At least a part of internal surface (or surface of an 

internal component) which plasma-izes said raw gas by plasma discharge in said 

processing chamber, and touches plasma inside said processing chamber is uniformly 

controlled by a temperature lower enough than a sample, A firm polymerization film is 

made to form in a processing chamber internal surface. 

[0020]There are other features of this invention in being not less than 5 ** and a 
desirable range low not less than 20 **, being less than **10 ** in accuracy, and 
controlling temperature of an internal surface in which the aforementioned 
polymerization film is made to form rather than a sample. 

[0021]There are other features of this invention in being the not less than 20 ** range 
of 80 ** or less desirably, being less than **10 ** in accuracy, and controlling 0 ** or 
more 100 ** or less of temperature of a processing chamber internal surface in which 
the aforementioned polymerization film is made to form. 

[0022]There are other features of this invention in 0.1 Pa or more 10 Pa or less of 
process pressure in the aforementioned processing chamber being 0.5 Pa or more 4 Pa 
or less desirably. 

[0023]There are other features of this invention in making easily into an exchangeable 
structure a member which constitutes a processing chamber internal surface in which 
the aforementioned polymerization film is made to form. 

[0024]There are other features of this invention in including a treatment process which 
controls growth of a polymerization film formed in the aforementioned processing 
chamber internal surface. 

[0025]A raw gas feeding means by which the feature of further others of this invention 
supplies gas to a vacuum treatment chamber, a plasma generator, and a processing 
chamber, In a plasma treatment apparatus which has an electrode holding a sample 
processed in this vacuum treatment chamber, and a vacuum pumping system which 
decompresses this vacuum treatment chamber, It is in constituting so that component 
parts (or internal surface) which touch plasma inside the above-mentioned processing 
chamber may be impressed to bias by at least the part, the calorific capacity may be 
made small enough and the surface area may be made small. 

[0026]Other features of this invention temperature of component parts which touch 
plasma inside the above-mentioned processing chamber, There is not less than 100 ** 
250 ** or less in adjusting in [ not less than 150 ** ] 200 ** or less desirably, and it is 
in 0.1 Pa or more 10 Pa or less of process pressure of a processing chamber being 0.5 
Pa or more 4 Pa or less desirably further. 

[0027]Shape of said wall component parts is ring shape, and there are other features 
of this invention in surface areas which touch plasma of the part concerned being 20% 
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or less of whole surface products of a processing chamber wall. 
[0028]Shape of component parts where bias is impressed at least to the part in 
contact with plasma inside the above-mentioned processing chamber is ring shape, and 
there are other features of this invention in the thickness being 6 mm or less, and an 
inside diameter being more than a diameter of a sample. 

[0029]There is the feature of further others of this invention in constituting so that an 
infrared light absorber may be formed near the side which touches plasma of said wall 
component parts, and controlling temperature of the parts concerned by an infrared 
irradiation means remotely in the aforementioned plasma treatment apparatus. 
[0030]There are other features of this invention in being the not less than 150 ** 
range of 200 ** or less desirably, being less than **10 ** in accuracy, and controlling 
by the above-mentioned infrared irradiation not less than 100 ** 250 ** or less of 
temperature of parts by which temperature control is carried out. 
[0031]There is the feature of further others of this invention in a plasma generator 
being an owner magnetic field UHF band electro-magnetic-radiation method in the 
above-mentioned plasma treatment apparatus. 

[0032]According to this invention, a part of raw gas polymerizes by plasma discharge, 
and a surface coating layer by polymer is formed in the surface of a portion or parts 
which touch plasma of a processing chamber internal surface. And it becomes possible 
to form a stratified structure which polymer polymerization of this coating layer 
progressed and became brave by controlling temperature of a reactor internal surface 
by a temperature sufficiently lower than a wafer to constant temperature. Therefore, 
since an internal surface is etched by plasma and is not exhausted, frequency of a 
parts replacement of an internal surface can be reduced and a running cost fall is 
attained. Since neither exfoliation nor damage arises on the surface even if it is 
exposed to plasma, since the membranous presentation is close, this coating layer 
does not cause raising dust. 

[0033]Since temperature of a chamber internal surface is set as a temperature range 
lower than a wafer, compared with a case where an internal surface is set as a not less 
than 200 ** high temperature region, an interaction of plasma and an internal surface 
is weak and, moreover, does not become sensitive to a temperature change. For this 
reason, reproducibility and the reliability of a process do not fall easily over a long 
period of time, and less than **10 ** also of accuracy of temperature control may be 
sufficient, and it becomes possible to realize comparatively easily, without using a 
complicated mechanism for temperature control. 

[0034]When a polymerization film exceeding a predetermined value is formed in an 
internal surface, it is necessary to remove this film. Exchange component parts of a 
processing chamber internal surface which carried out atmosphere release of not 
cleaning but the device and in which a polymerization film was formed in this film 
removal process, and a device is worked again, It is performing it to ex-situ by wet 
cleaning etc., after taking out membranous removal from a chamber, and reproducing 
an internal surface, and while reducing unoperated time of a device and not reducing a 
throughput, it is effective in the ability to reduce consumable-goods cost by 
reproduction and repeated use of parts. Time to opening and cleaning of a device can 
be extended by adding during processing a process of controlling growth of a 
polymerization film. 

[0035]On the other hand, according to the feature of further others of this invention, 
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temperature control in a field lower enough than a wafer about a difficult portion or 
component parts in an inside of a reactor. Since an entire component can control to a 
high temperature region, without using complicated mechanisms, such as a heater and 
a lamp, by establishing structure where bias is impressed at least to the part, and 
making calorific capacity of an entire component small enough, Superfluous deposition 
of a resultant is controlled and a foreign matter generation accompanying exfoliation of 
a resultant can be reduced. By making surface area of parts small, even if it changes 
temperature and a surface state, influence on a process can be inhibited. By adjusting 
a grade of bias impressed to the above-mentioned component parts, and setting 
desirably not less than 100 ** 250 ** or less of temperature as the not less than 150 
** range of 200 ** or less, Since it is not sensitive to a temperature change compared 
with a case where it is set as not less than about 250 ** high temperature region, an 
advantage made small is on a level which a temperature change of component parts 
does not influence substantially to a process. 

[0036]Since temperature of component parts which touch plasma can be more actively 
controlled by an inside of a processing chamber with high precision in a high 
temperature region using infrared irradiation and gas heat transfer according to the 
feature of further others of this invention, Superfluous deposition of a resultant is 
controlled, while being able to reduce a foreign matter generation accompanying 
exfoliation of a resultant, change of temperature or a surface state is controlled and 
influence on a process can be inhibited. Not less than 100 ** 250 ** or less is less 
than **10 ** in accuracy desirably about temperature in the not less than 150 ** 
range of 200 ** or less, Since it is not sensitive to a temperature change compared 
with a case where it is set as not less than about 250 ** high temperature region by 
controlling, an advantage made small is on a level which does not influence 
substantially to a process in which a temperature change of component parts is still 
more detailed. 
[0037] 

[Embodiment of the InventionjHereafter, the example of this invention is described 
based on a drawing. Drawing 1 shows the example which applied this invention to the 
plasma etching device of the owner magnetic field UHF band electro-magnetic- 
radiation discharge method, and is a cross section of the plasma etching device 
concerned. 

[0038]In drawing 1 , the processing chamber 100 is a vacuum housing which can attain 
the degree of vacuum of about 10 to 6 Torr, and has the lower electrode 130 which lays 
the samples W, such as a wafer, in the lower part for the antenna 110 which emits the 
electromagnetic waves as a plasma generation means to the upper part, respectively. 
The antenna 1 10 and the lower electrode 130 are installed in the form which is parallel 
and counters. The magnetic field means forming 101 which consists of the magnet 
coils 101 A and 101B and the yoke 101C is installed in the circumference of the 
processing chamber 100, and a magnetic field with predetermined distribution and 
intensity is formed. And by the interaction of the electromagnetic waves emitted from 
the antenna 1 10, and the magnetic field formed by the magnetic field means forming 
101, the raw gas introduced into the inside of a processing chamber is plasma-ized, 
the plasma P is generated, and the sample W is processed. 

[0039]The jacket 103 which controls the temperature of a side-attachment-wall inner 
surface is held exchangeable at the side attachment wall 102 of the processing 
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chamber 100. And circulation feed of the heat carrier is carried out to the inside of the 
jacket 103 from the heat carrier feeding means 104, and temperature is controlled. 0 
** - 100 **, desirably, the ranges of the temperature of a jacket are 20 ** - 80 **, 
and it is controlled by accuracy of less than **10 **. On the other hand, evacuation of 
the processing chamber 100 is carried out by the vacuum pumping system 106 
connected to the vacuum chamber 105, and 0.1 Pa or more 10 Pa or less of insides of 
the processing chamber 100 are desirably adjusted to predetermined 0.5-Pa or more 
process pressure of 4 Pa or less. The processing chamber 100 and the vacuum 
chamber 105 serve as ground potential. Excluding a heavy metal, for example, the side 
attachment wall 102 of the processing chamber 100 and the jacket 103 are easy to be 
thermal conductivity, they may perform surface treatments, such as alumite of 
plasma-proof nature, to the surface as non-magnetic metal materials, such as 
aluminum. 

[0040]The antenna 110 which emits electromagnetic waves consists of the disc-like 
conductor 111, the dielectric 1 12, and the dielectric ring 113, and is held at the housing 
114 as some vacuum housings. The plate 115 is installed in the field of the side which 
touches the plasma of the disc-like conductor 111, and the ring 116 is further installed 
in the periphery. The raw gas which processes etching of a sample, membrane 
formation, etc. is supplied with a predetermined flow and mixture ratio from the gas 
supply means 1 17, it lets the hole of a large number provided in the disc-like 
conductor 1 1 1 and the plate 1 15 pass, is controlled by predetermined distribution, and 
is supplied to the processing chamber 100. 

[0041]The antenna power supply 121 and the antenna height cycle power supply 122 
are connected to the disc-like conductor 111 via a matching network and the filter 
systems 123 and 124, respectively, and it is connected to a ground through the filter 
125. The antenna power supply 121 supplies the electric power of the UHF band 
frequency of 300 MHz to 900 MHz desirably, and the electromagnetic waves of a UHF 
band are emitted from the antenna 110. On the other hand, the antenna height cycle 
power supply 122 is impressing the bias of an about 100 kHz low frequency wave or 
several to about 10-MHz high frequency to the disc-like conductor 1 1 1, for example, 
and controls the reaction in the surface of the plate 1 15 which touches the disc-like 
conductor 111. Since the plate 1 1 5 has countered with the wafer, it influences a 
treatment process most greatly, but it is impressing bias to this field and not making a 
resultant deposit on it, and a device process stabilizes it. For example, in oxide film 
etching using the gas of a CF system, the reaction of F radical in the surface of the 
plate 115 or a CFx radical is controlled by using construction material of the plate 115 
as silicon, carbon, etc. of a high grade, and radical composition ratio is adjusted by it. 
The undersurface of the plate 1 15 and the distance (it is hereafter called a gap) of the 
wafer W shall be not less than 50 mm 120 mm or less desirably not less than 30 mm 
150 mm or less. 

[0042]The disc-like conductor 1 1 1 is maintained by the value predetermined in 
temperature by the temperature control means which is not illustrated, i.e., the heat 
carrier which circulates through the inside, and the skin temperature of the plate 1 15 
which touches the disc-like conductor 1 1 1 is controlled. The ring 1 16 is later 
described in detail about this, although temperature control is heated and carried out 
on the bias by the antenna height cycle power supply 122. 

[0043]The antenna 1 10 is countered and the lower electrode 130 is formed in the 
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lower part of the processing chamber 100. While controlling the bias which the bias 
power supply 141 which supplies the bias power of the range of 13.56 MHz is 
connected to the lower electrode 130 via a matching network and the filter system 142 
from 400 kHz, and is impressed to the sample W, it is connected to a ground via the 
filter 143. 

[0044]The lower electrode 130 carries out installation maintenance of the samples W, 
such as a wafer, with the electrostatic adsorber 131 on the upper surface, i.e., a 
sample mounting surface. As for the electrostatic adsorber 131, the dielectric layer for 
electrostatic adsorption (it is hereafter called an electrostatic adsorption film for 
short) is formed in the upper surface, and DC power supply 144 and the filter 145 for 
electrostatic adsorption — several 1 00V- the direct current voltage of several 
kilovolts is impressed, the Coulomb force which acts between the sample W and the 
electrostatic adsorber 111 via an electrostatic adsorption film is generated, and the 
sample W is adsorbed and held on the lower electrode 130. As an electrostatic 
adsorption film, the dielectric which mixed titanium oxide is used for an aluminum oxide 
or an aluminum oxide, for example. 

[0045]In order that the sample W may control the surface reaction, the skin 
temperature is controlled by the temperature control means which is not illustrated by 
predetermined temperature. For this reason, in order to improve the heat transfer 
nature between the electrostatic adsorber 131 and the sample W, inactive gas, for 
example, helium gas, is set as a predetermined flow and pressure, and it is supplied to 
the lower electrode 130. Thereby, the temperature of a wafer is controlled at the best 
by the range of about 100 ** - 1 10 ** or less. 

[0046]The sample table ring 132 is formed in the lateral part of the sample W of the 
upper surface of the electrostatic adsorber 131. Ceramics, such as SiC, carbon, silicon, 
and the charge of a quartz material are used for the sample table ring 132. The sample 
table rings 132 are the insulators 133, such as alumina, and are insulated with the 
electrostatic adsorber 131. It is also possible to adjust the bias application to the 
sample table ring 132, and to control the reaction in the surface by making a part of 
bias power from the bias power supply 141 reveal to the sample table ring 132 via the 
insulator 133, and adding to it. For example, in oxide film etching using the gas of a CF 
system, if construction material of the sample table ring 132 is used as the silicon of a 
high grade, The reaction of F radical in the surface of the sample table ring 132 or a 
CFx radical can be adjusted with a SUKABENJI operation of silicon, and especially the 
etch uniformity in a wafer peripheral part can be improved, the sample table ring 132 is 
heated by bias — both, although it is cooled by heat transfer gas and temperature 
control is carried out, this is described in detail later. 

[0047]The plasma etching device by this example is constituted as mentioned above, 
and explains the concrete process in the case of etching silicon oxide, using this 
plasma etching device using drawing 1. 

[0048]First, after the wafer W which is a subject of processing is carried in to the 
processing chamber 100 from the sample carrying-in mechanism which is not 
illustrated, it lays and adsorbs on the lower electrode 130. And the height of a lower 
electrode is adjusted if needed and it is set as a predetermined gap. Subsequently, 
evacuation of the inside of the processing chamber 100 is carried out by the vacuum 
pumping system 106. On the other hand, from the gas supply means 1 17, gas required 
for the etching process of the sample W, for example, C4F8, and Ar have 
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predetermined flow and mixture ratio, for example, Ar flow, 300sccm and C4F8 flow 
9sccm, and are supplied to the processing chamber 100 from the plate 115 of the 
antenna 1 10. Simultaneously, the processing chamber 100 is exhausted by the vacuum 
pumping system 106, and it is adjusted so that the inside of the processing chamber 
100 may become predetermined process pressure, for example, 1 Pa. On the other 
hand, predetermined distribution and a strong magnetic field are formed of the 
magnetic field means forming 101. And the electromagnetic waves of a UHF band are 
emitted from the antenna 1 10 by the antenna power supply 121, and the plasma P is 
generated in the processing chamber 100 by the interaction with a magnetic field. Raw 
gas is made to dissociate by this plasma P, an ion radical is generated, the antenna 
height cycle power supply 122 and the bias power supply 141 are controlled further, 
and etching etc. are processed to the wafer W. And with the end of an etching 
process, supply of electric power and raw gas is suspended, and etching is ended. 
[0049]Now, although the plasma treatment apparatus in this example is constituted as 
mentioned above, the temperature control of the inner surface of each part of the 
inside of a reactor, especially the side attachment wall 103 and the ring 1 16, and the 
sample table ring 132 and deposition control of the resultant are explained concretely. 
[0050] Drawing 1 explains the side attachment wall 103 first. As already explained, the 
jacket 103 is held inside the side attachment wall 102 of the processing chamber 100, 
and temperature control is possible by a heat carrier. 

[0051]The result in which this invention persons used the mixed gas system of C4F8 
and Ar as raw gas for oxide film etching, and it experimented by the pressure of 2 Pa, 
When the temperature of a reactor internal surface was controlled in 25 to 80 ** 
which is a temperature sufficiently lower than wafer temperature (about 100 **) to 
constant temperature in the accuracy of less than **10 **, it found out that a firm 
coating film was formed in an internal surface. Since ion energy-rich in such a 
pressure range of tens of or less (several pascals or less) mtorr increases, the effect 
of the ion assistance in film deposition increases, and it is thought that a close film is 
formed. When the precise and firm film was formed when side wall temperature was 
low, and the situation of the deposited film had high side wall temperature, it was a 
little coarse structure. They were the following results when the presentation (element 
concentration ratio) of the film deposited at the side wall temperature of 25 **, 50 **, 
and 80 ** was analyzed by XPS (X-ray photoelectron spectroscopy), in order to clarify 
this membraneous change quantitatively. 
[0052] 

side-wall-temperature C (%) F(%) C/F ratio 25 ** 45.6 51.1 0.8950 ** 43.9 53.8 0.8280 
** 40.6 58.2 0.70, so that also from this result and side wall temperature is low — 
carbon — it is rich membraneous quality. Although not shown here, it also turns out 
that combination of carbon is progressing from analysis of the peak for C1 s, so that 
side wall temperature is low, and polymer polymerization is progressing. This can 
surmise that it was macroscopically observed as a precise and firm film. 
[0053]Since the temperature of the wall surface is controlled by accuracy of less than 
**10 ** at the time of this experiment, the internal stress accompanying a 
temperature change does not occur during membranous deposition, but it is predicted 
that membrane structure becomes precise. It checked that a firm stratified structure 
was formed as a result of observation by an electron microscope. This film was very 
close and firm, and even if it made it deposit even on about 200-micron thickness in a 
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tentative way in a depository deposition accelerated test, peeling of the film by tape 
exfoliation or a rubbing test was not observed. The knowledge of high tolerance being 
shown also to plasma, the exfoliation or damage to a membrane surface not being seen 
by plasma treatment, either, and this film not causing raising dust was carried out. 
[0054]Thus, the firm deposited film which heat stress does not generate inside can be 
formed in a reactor side-attachment-wall inner surface by controlling the temperature 
of a reactor internal surface by temperature sufficiently lower than wafer temperature 
uniformly. Since this film has sufficient plasma-proof nature and exfoliation of a 
resultant and adhesion of the particle to a specimen surface reduce it, it acts as a 
protective film of a reactor wall. Therefore, since a side attachment wall is exhausted 
or it is not damaged, the frequency of the parts replacement of a side attachment wall 
can be reduced, and it leads to the fall of a running cost. Since a side attachment wall 
is protected by a deposited film, it is not necessary to use ceramics, such as high SiC 
of plasma-proof nature, and reduction of component cost is attained. Since there will 
be little energy for heating of a side attachment wall and it will end if especially side 
wall temperature is controlled in ordinary temperature - the range of about 50 ** of 
abbreviation, there is an effect which leads also to energy saving. What is necessary is 
just to use thermally conductive good metal, for example, aluminum, as a charge of a 
sidewall material, excluding a heavy metal. 

[0055]In the initial state in which a deposited film does not exist, since aluminum is 
exposed, in response to a damage, the surface may deteriorate from plasma. Then, the 
surface may be coated with a polymer material in order to prevent this. Or alumite 
treatment of the aluminum surface may be carried out, for example, and sealing may be 
further carried out for the detailed hole produced in alumite treatment with a polymer 
material. Of course, this sealing is applicable not only in the alumite treatment of 
aluminum, thus, the thing made to be placed between the interfaces of the aluminum 
surface and a deposited film by the film by polymers — the adhesion of the aluminum 
surface and a deposited film — furthermore, there is an effect carried out that it is 
hard to make a deposited film exfoliate. Although a film may deposit superfluously 
depending on a process, in this case, after wafer processing, it is using short-time 
plasma cleaning together and controlling membranous deposition, and membranous 
thickness may be kept constant. 

[0056]Next, a sample table ring is explained. As the example of drawing 1 already 
explained, the sample table ring 132 is controlling the reaction in the surface by bias 
application, and can make uniform especially the etching properties in a wafer 
peripheral part. Although the sample table ring 132 is heated by bias at this time, in 
order to control deposition of the reaction in that surface, and a film, it is necessary to 
control impression bias and temperature. And it is desirable for control of impression 
bias and temperature to be possible, without building a complicated mechanism into 
the lower electrode incorporating the electrostatic adsorber 131. This can be embodied 
by balance of cooling by control, heating by bias, and gas heat transfer of disclosure 
bias. The sectional view (right half) of the lower electrode 130 shown in drawing 2 
explains this example. 

[0057]The lower electrode 130 holds the sample W with the electrostatic adsorber 131. 
The electrostatic adsorber 131 is insulated with the ground 135 by the insulator 134. In 
this example, it is considered as the structure which is made to reveal a part of bias 
power supplied from the bias power supply 141, and is added by installing the sample 
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table ring 132 via the insulator 133 to the electrostatic adsorber 131. The bias 
impressed can be adjusted with the thickness and construction material of the 
insulator 133. It is not necessary to establish the wiring structure to the sample table 
ring 132 inside the lower electrode 130, or to connect another bias power supply to the 
sample table ring 132 by considering it as such a bias application structure. 
[0058]The electrostatic adsorber 131 is maintained by predetermined temperature by 
circulation (not shown) of the heat carrier for temperature control. And between the 
sample W and the surface of the electrostatic adsorber 131, the channel 136 of the 
gas for heat transfer (for example, helium gas etc.) is formed, and heat conduction is 
kept good by the gas for heat transfer being introduced. Here, in this example, the 
channels 136A and 136B of the gas for heat transfer are formed also between the 
sample table ring 132, the insulator 133, and the electrostatic adsorber 131. And a part 
of heat transfer gas for wafer cooling is introduced, and heat conduction in a contact 
portion is kept good. For this reason, heat transfer between the electrostatic 
adsorbers 131 with which the sample table ring 132 was maintained by predetermined 
temperature is kept good, and temperature is kept stable. As a result, the temperature 
change by the bias application to the sample table ring 132 is controlled, and the 
processing characteristic of the surface reaction in the sample table ring 132 or a 
sample can be stabilized. Simultaneously, since deposition of a resultant can be 
prevented by heating and the ion assistance by bias, exfoliation of a resultant and 
adhesion of the particle to a specimen surface are reduced. 

[0059]Thus, by balance of cooling by impression, heating by bias, and gas heat transfer 
of disclosure bias, a sample table ring becomes controllable [ a surface reaction 
temperature, and film deposition ] by an easy structure, and can aim at long-term 
stabilization of processing, and reduction of a foreign matter. 

[0060]In this example, although heat transfer was secured by the gas for heat transfer, 
a pyroconductivity sheet etc. may use other heat transferring means, for example. 
[0061]Next, the antenna 110 is explained. As the example of drawing 1 already 
described, the antenna height cycle power supply 122 is connected to the disc-like 
conductor 111, and several to [ about 100 kHz or ] about 10-MHz bias is impressed. 
The temperature of the disc-like conductor 1 1 1 is maintained by the predetermined 
value with a heat carrier. Therefore, as for the skin temperature, the plate 1 15 which 
touches the disc-like conductor 1 1 1 is controlled while bias is impressed. Since the 
plate 1 1 5 has countered with the wafer, influence a treatment process most greatly, 
but. A process can be stabilized by impressing bias to this field, and not making a 
resultant deposit, but using the silicon of a high grade for the construction material of 
a plate further, and using the surface reaction by SUKABENJI operation. 
[0062]On the other hand, the ring 1 16 of the peripheral part of the plate 1 15 is heated 
on the bias by the antenna height cycle power supply 122 like the plate 1 15, and the 
response of the temperature change is improved by making calorific capacity of the 
ring 1 16 small further. This is explained using draw|ng_3. 

[0063]Drawing 3 is the example which showed the temperature control method of the 
ring 1 16. It comprises this example so that shape of the ring 1 16 may be made thin, the 
part may start the plate 1 15 and the thermal contact with the dielectric ring 1 13 or the 
plate 115 may decrease. In this case, if antenna height cycle electric power is 
impressed to the plate 115, ion will be drawn in the surface of the ring 116 like the 
arrow in a figure by the bias to the plate 1 1 5. In this example, since heating machine 
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styles, such as a heater and a lamp, are not used, there is an advantage to which a 
mechanism does not become complicated. 

[0064]The width w of the bias application portion of the ring 116 shall be not less than 
10 mm so that heating by bias can be performed efficiently. The thickness of the ring 
1 16 shall be 4 mm or less desirably 6 mm or less, for example, in order to be 
effectively heated on the bias. Thus, by considering it as thin shape, the calorific 
capacity of the ring 1 16 becomes small. As a result, it becomes possible to heat 
desirably not less than about 100 ** 250 ** or less of the whole ring at not less than 
150 ** 200 ** or less. As a result, deposition of a resultant is controlled and the 
foreign matter generation accompanying exfoliation of a resultant can be reduced. In 
this temperature requirement, since change of a surface reaction is not sensitive to a 
temperature change compared with not less than about 250 ** high temperature 
region, the advantage made small is on the level which the temperature change of 
component parts does not influence substantially to a process. 
[0065]The thickness of the ring 1 16 is determined in balance with the rate of 
sedimentation of the power and frequency of antenna bias, the construction material of 
the ring 1 16, and the resultant to the ring 1 16, etc. so that deposition of a depository 
film can be controlled, the weld slag of the ring surface may be carried out and it 
moreover may not be exhausted with ion. As shown in the figure, except the portion to 
which bias is impressed, thickness may be made thin and calorific capacity of the 
whole ring may be made still smaller. Thus, since temperature rises with a sufficient 
response in short time of the initial stage of processing by making calorific capacity of 
the ring 1 16 small, the influence on a processing characteristic is small. As for the 
inside diameter d of the ring 116, it is desirable that it is larger than the diameter of a 
sample. Since the inside diameter of a reactor will be about 1.5 times of a sample, in 
the case of 300-mm diameter of a sample, the width s of a ring is set to about 50 to 
70 mm, and the surface area becomes small enough with 20% or less as opposed to the 
whole reactor internal surface. Thus, by making surface area of parts small, even if it 
changes temperature and a surface state, the influence on a process can be inhibited. 
And since the ring 1 16 is located in a peripheral part rather than the wafer, the 
influence on the process becomes still smaller. 

[0066]By the way, since the above-mentioned example is passive heating by plasma, a 
certain amount of temperature change is not avoided. In the present process, even if 
influence does not actualize, etching properties may be affected and, as for this 
change, a positive temperature control mechanism with a lamp, a heater, etc. is needed 
by the minuteness making of a treatment process, in this case. The example of the 
temperature control mechanism by lamp heating is shown in drawing 4. 
[0067]In this example, some dielectric rings 1 13A are constituted so that bias can be 
impressed with the same structure 1 16A as the above-mentioned ring 116, Infrared 
light and far-infrared light are absorbed, for example, the infrared-absorption objects 
151, such as alumina membrane, are formed in the side still nearer to the plasma of the 
dielectric ring 1 13A. And infrared light and far-infrared light are emitted from the 
infrared radiation means 152, the infrared transmission window 153 and the dielectric 
ring 1 13A are passed, it is absorbed with the infrared-absorption object 151, and the 
ring 1 16 is heated. Since the infrared-absorption object 151 can be remotely heated 
with infrared rays, it is installing the infrared absorption object 151 in the side near the 
plasma of the dielectric ring 1 13A, and it becomes possible to control more the 
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temperature of the surface exposed to the plasma of the dielectric ring 123 to high 
degree of accuracy. Since infrared absorption is used for the heating machine style, 
there is an advantage with a sufficient response compared with heating by a heating 
resistor. By the bias application part 1 16A, since the dielectric ring 1 13A is heated by 
bias, the response of temperature improves. 

[0068]On the other hand, although the infrared radiation means 152 is installed in the 
holder 154, a crevice is established between the holder 154 and the dielectric ring 
1 13A, it lets the gas supply means 155 pass in the crevice, and the heat transfer gas 
for temperature control is supplied. Heat transfer gas is closed by the vacuum lock 
means 156A and 156B. With this gas heat transfer, the dielectric ring 1 13A radiates 
heat through the holder 154. Therefore, for example at the time of a processing start, 
it heats with bias and a lamp, and the accuracy of temperature control improves by 
making heat radiate with gas heat transfer during processing. As a result, 250 ** of 
temperature of the dielectric ring 123 is desirably controllable in 150 to 200 ** in the 
accuracy of about **5-10 ** from about 100 **. In this temperature, in order that 
membranous deposition may decrease, the foreign matter generation by exfoliation of a 
film is controlled. Since the surface state of the dielectric ring 1 13A is a field whose 
dependency is not large to temperature, a surface state does not change but the 
plasma treatment stable in the long run becomes possible. 

[0069]Although each of above-mentioned dr awing 3 and examples of drawin g 4 heats 
the ring 116 and the dielectric ring 113A which touch plasma and membranous 
deposition was decreased, It is also possible to control uniformly to a temperature 
lower than wafer temperature, and to form a stable deposited film like the side- 
attachment-wall inner surface which explained the ring which touches plasma by 
drawing 1. Drawing 5 shows this example and controls the dielectric ring 1 13B by 
temperature control by a refrigerant in 20 ** - about 1 00 **. 
[0070]In this example, the refrigerant for temperature control is supplied to the 
refrigerant passage 161 established in the dielectric ring 113B from the heat carrier 
feeding means 162. A refrigerant is closed by the sealing means 163. The temperature 
of the dielectric ring 1 13B is maintained to a predetermined value with the temperature 
controller and thermometric element which are not illustrated. By such composition, 
the temperature of the dielectric ring 1 13B is maintainable in the range of 20 ** - 
about 100 ** at the time of plasma treatment. For this reason, since the film of the 
firm resultant stable on the surface of the dielectric ring 123 deposits, the surface of 
the dielectric ring 123 is deleted and it does not exhaust. When a film deposits 
superfluously by a process, plasma cleaning may be used together and a film may be 
maintained at fixed thickness. 

[0071] Although each of each aforementioned examples was the cases of the plasma 
treatment apparatus of an owner magnetic field UHF band electro-magnetic-radiation 
discharge method, 2.45-GHz microwave or the VHF band from several 10 MHz to 
about 300 MHz may be sufficient as the electromagnetic waves emitted, for example 
besides a UHF band. A magnetic field may not necessarily be indispensable and non- 
magnetic field microwave discharge may be sufficient as it, for example. Each 
aforementioned example is applicable to the magnetron type plasma treatment 
apparatus and the parallel plate type capacitive coupling system plasma treatment 
apparatus which used the magnetic field, for example besides the above, or an 
inductive-coupling type plasma treatment apparatus. 
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[0072]Drawing 6 is the example which applied this invention to the RIE system (a 
magnetron RIE system and a Magnetically Enhanced RIE system) which used the 
magnetic field. The lower electrode 130 in which the processing chamber 100 as a 
vacuum housing lays the side attachment wall 102 and the samples W, such as a wafer, 
The gas supply means 1 17 which is provided with the upper electrode 201 which 
counters this and is grounded, and introduces predetermined gas in a vacuum housing, 
It has the vacuum pumping system 106 which evacuates the inside of a vacuum 
housing, the electric field generating means 203 which generates an electric field 
between said lower electrode and an upper electrode, and the magnetic field generating 
means 202 which generates a magnetic field in a vacuum housing. Two or more 
permanent magnets or coils are arranged at ring shape at the periphery of the 
processing chamber 100, and the magnetic field generating means 202 forms an almost 
parallel magnetic field in the inside of a processing chamber to an electrode. And raw 
gas is plasma-ized by the electric field generated in inter-electrode, the plasma P is 
generated, and the sample W is processed. In magnetron RIE, since a magnetic field is 
formed in the direction which intersects perpendicularly with an electric field mostly by 
the magnetic field generating means 202, the collision frequency of an electron, and 
the molecule and atom in plasma increases, plasma density increases, and high etching 
properties are acquired. 

[0073]The jacket 1 03 which controls the temperature of a side-attachment-wall inner 
surface by this example on the side attachment wall 102 like the example described by 
drawing 1 is held exchangeable, Circulation feed of the heat carrier is carried out to 
the inside of the jacket 103 from the heat carrier feeding means 104, 0 ** - about 100 
**, the ranges of the temperature of a jacket are 20 ** - about 80 ** desirably, and it 
is controlled by accuracy of less than **10 **. The jacket 103 consists of aluminum 
which performed alumite treatment, for example. 

[0074]By such composition, since a reactor internal surface is uniformly controllable by 
a temperature sufficiently lower than wafer temperature, a firm deposited film can be 
formed in a reactor side-attachment-wall inner surface. This film has sufficient 
plasma-proof nature, and acts as a protective film of a reactor wall, and exfoliation of a 
resultant and adhesion of the particle to a specimen surface reduce it. Therefore, 
since a side attachment wall is exhausted or it is not damaged, while being able to 
reduce the frequency of the parts replacement of a side attachment wall and leading 
to the fall of a running cost, it is not necessary to use ceramics, such as high SiC of 
plasma-proof nature, and reduction of component cost is attained. 

[0075]By what it is considered as the structure of making a part of bias power supplied 
from the electric field generating means 203 revealing, and is further cooled with gas 
heat transfer to the sample table ring 132 in this example like the example described 
by drawing 1 and drawing 2. The processing characteristic of the surface reaction in 
the sample table ring 132 or a sample can be stabilized. Simultaneously, since 
deposition of a resultant can be prevented by heating and the ion assistance by bias, 
exfoliation of a resultant and adhesion of the particle to a specimen surface are 
reduced. 

[0076]Drawing 7 is the example which applied this invention to the parallel plate type 
plasma treatment apparatus. The processing chamber 100 as a vacuum housing has 
the following. 
Side attachment wall 102. 
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The lower electrode 130 which lays the samples W, such as a wafer. 
The electric field generating means 221 which supplies electric power to the upper 
electrode 210 which counters this, and the upper electrode 210, and makes inter- 
electrode generate an electric field. 

Predetermined raw gas is supplied from the gas supply means 117 in the processing 
chamber 100, and the inside of a vacuum housing is evacuated by the vacuum pumping 
system 106. And raw gas is plasma-ized by the electric field generated in inter- 
electrode, the plasma P is generated, and the sample W is processed. The electrode 
plate 21 1 is insulated with the insulators 212 and 213, and the upper electrode 210 is 
held at the housing 214. The plate 215 is installed in the field of the side which touches 
the plasma of the electrode plate 211, and the shield ring 216 is installed in the 
periphery. The shield ring 216 makes the sample table ring 132 and a pair, raises 
plasma density by confining the plasma P in the processing chamber 100, and acquires 
high etching properties at the same time it protects the insulators 212 and 213 from 
plasma. 

[0077]The ranges of 0 ** - about 100 ** of temperature of the inner surface of the 
side attachment wall 102 are 20 ** - about 80 ** desirably by the jacket 103 like [ in 
this example ] the example described by drawing 1 , Since it is controlled by accuracy 
of less than **10 **, the deposited film which has plasma-proof nature is formed, it 
acts as a protective film of a reactor wall, and reduction of particle and reduction of 
the frequency of the parts replacement of a side attachment wall are attained. Also 
about the sample table ring 132, by disclosure bias application structure and a gas 
cooling method, the processing characteristic of a surface reaction or a sample can be 
stabilized, deposition of a resultant is prevented, and a particles generation is reduced. 
Furthermore, the shield ring 216 is constituted so that the shape may be thin, some 
shield rings 216 may be applied to the plate 115 like the example of drawing 3 and the 
thermal contact with other parts may decrease. For this reason, if electric power is 
impressed to the plate 1 15, the shield ring 216 is heated with the ion by self-bias, 
deposition of a resultant is controlled, and a foreign matter generation can be reduced. 
[0078]Drawing 8 is the example which applied this invention to the inductive-coupling 
type plasma treatment apparatus. The processing chamber 100 as a vacuum housing 
has the side attachment wall 102, the lower electrode 130 which lays the samples W, 
such as a wafer, and the top plate 230, and is evacuated by the vacuum pumping 
system 106. The coil 231 for inductive discharge is arranged and high-frequency power 
is supplied to the upper part of the top plate 230 from RF generator 232. It is supplied 
from the gas supply means 117, it is plasma-ized with inductive discharge with the coil 
231 for inductive discharge, the plasma P occurs, and raw gas processes the sample 
W. Silicon is used for a top plate, and with an inductive-coupling type plasma treatment 
apparatus, the etching properties higher than a wafer also as low temperature are 
acquired by being stabilized in a side attachment wall by stabilizing a process or 
inhibiting the interaction of plasma and a wall, for example by the Faraday shield, the 
magnetic field, or other means. 

[0079] Like the example described by drawing 1, the ranges of the temperature of the 
inner surface of the side attachment wall 102 are 20 ** - about 80 ** desirably, and it 
is controlled by this example by 0 ** - about 100 ** of jackets 103 in the accuracy of 
less than **10 **. For this reason, the deposited film which has plasma-proof nature is 
formed, it acts as a protective film of a reactor wall, and reduction of particle and 
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reduction of the frequency of the parts replacement of a side attachment wall are 
attained. Also about the sample table ring 132, by disclosure bias application structure 
and a gas cooling method, the processing characteristic of a surface reaction or a 
sample can be stabilized, deposition of a resultant is prevented, and a particles 
generation is reduced. 

[0080]Although the processing object was a semiconductor wafer and each of each 
aforementioned examples was the cases of the etching process to this, This invention 
can be applied not only this but when a processing object is a liquid crystal substrate, 
for example, and the processing itself can apply [ as opposed to / for example / not 
only etching but / sputtering or ** CVD treatment ] it. 
[0081] 

[Effect of the InventionjAccording to this invention, the plasma treatment apparatus 
which can maintain the reproducibility and the reliability of a process by low cost over 
a long period of time can be provided, without making etching properties produce a 
temporal change by controlling the temperature inside a reactor, and the state of a 
wall surface. 
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mmmmmm^x^nm^ «t d MiEMatfx^x^ 

XMfcU 10 
MIHMii^Ort X5 XV fc Z> rtUffiS § v 
0M#fiJcgpn n pCDliffi<D'>% < fcfe l EEUifc, MEIl? 

MI2$aaMft!!EcDSfi;£\ MfEim©i&£<fc D t 5 °C 

euifi^msiaiSfcu ±1 o^jwrtcw&^fflffli-fs 

c i: £fif» i: * § X5 Xviigl, 20 
T\ 

fyIEMIrtlI©SI5:, tmoSSJ: 0 1> 2 0 

±&\tvR%M&tu ±i o°cwrt^maw#-r?.ii 

T> 

MtaMagrtHffi©fig%, o °cj^_h i o o "cjutTcfli 
fcfflat-rsx^xv jaggs. 30 

MiEfflasrtgffiojgs*, 2 0 °CJ^± 8 0 tJWTO^ 

u ±10 rw^cDfflgT'wrs c t 

[IMS6] ff*igl &^L5tc!2gc<DX5XvMSIt 
tuEiaa^OSailE*^, 0. lPa«±10PaHT 

[w*^ 7 ] w*ri 1 l 5 {ciatgo^^xvjaag 40 

fulSffiSSOffiaffi*)^ 0 . 5 P a W± 4 P a J-^T 4: 

■r * c ii *«f« i: -r s x v jaaggo 

[If 8 ] ifsM 1§1>L7 {cfE^wX^XvSaag 

1 3 u i: ir 3 X5 XvMa^Bc 
[»*S9] 11*11 1 &1>L 8 te|EtSc£DX^Xv®ag 

MiEsaa^rtiiffi^ffM^n/ca^o^fi^TOt-^ so 
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Bo 

wc i?x%m&? s saa^xfft^is t , mn£®m 

Jtmm s xssi^ t * s x ? x^mmmiz & 
^x, 

tuiE®as©rtgPT'XvXv(cs-r§rtg^gpp a P (D'> 

^vrx^giip^n^ frosi^p n o pCDii§M£+^£/h 
u ^o^iggpp^ox^xvtcg-rs^ffiit^/jNS 
< r« * a icm&tz c tmrntrzy^x^mmm 

mMm 1 1 ] imm 1 o mmto^x^mmm^ 

MnartSfllfigaPiBiOMfS*, 1 0 0°CJ^±2 5 0 WF 

[ii^si 2] mmmi oizmmvy^x^mmmfc 

MlErtMlf $§Pn n p<DSfi£, 1 5 0 °C&L± 2 0 0 °CWT 

<DWMh~$z>L.h mm t?% X5 xvjsiasifio 

fflfc9EMm<D9mEJl% 0 . 1 P a fil± 1 0 P a JWT 
4] IS*«i 2 fcEKO^XV 

Mag@{C*3V^T, 

MfEiHa^OfflSE** 0 . 5 P a fiLh 4 P a WTfcf 

set mm tt& 7? xvfflagBo 

1 5] m&g 1 1 1 4 fclH«©X7Xv 

saasBtfc^T, 

y°7X^ic&?zmmmt)mmmmftm<»£mm<D 2 

0 %ttTT?*SC i:^#Mi:t-§X9X-7®agBo 
[ffl*iS l 6] If*5 1 l 1 5(c|E^<DX7Xv 
Ma^fifcfe^r, 

MSErtM#t$g[S B n pCOff^ ,! U VfiSaHb K> , *-<DJ¥#tf 

x^xv^asBc 

CW3RS1 7] m^gi o^iEtgox^xvsfiasfit 
tuiErt g^^gPp°po x^ xv £ s-r 3 iioia^t 

x^xvMasfio 

[ff*5l 8] If*Jll 7 fc£*©75X7»ISf«c 
MIErtM«6)cgp n n pO?gJS^, l 0 0 °CJ^± 2 5 0 °CJ^T 

<D«sHo3f^iiS4:L, ±1 ovm<Dmmx\ mm? 



(3) 

3 

mzftgmf£M&<DM&*. i 5 o °cj^± 200 icjxt 
o«H©3f®atfcu ±1 o°cim<Dmm^\ ussrr 
* c £ * t 5 x? xvMaum, 
[tt*rg2 0] mmm 1 1 9tifi«©X7Xv$a 
aggjc^T, 

[fg0£©!¥ffl«,J!] 
[0 0 0 1] 

mr^$~ymm?%<D\mw&x^x^mmw%> 

^tsx^x^mmmimt^o 

[0002] 

[«©&«] ^mmmxm^it. tctm&m, x 
xv5aags^j£<fflv^nTv^ 0 x^x-Tsaatcj; 20 

SXnirXii:, JIS^^- (U7^) rtgPfcaSA 

^nfeXn-tx^x^x^xv^^c * d XvXv 

[0 0 0 3] COX^Xv^aXn-feX-ett, V7?f 
ami^Xn-trXtc^t^|^^Ri£-r o g-fe, U7^ 

"So 

[0004] LOftfe, X^XvMagBfcfc^Tli, 

[0 0 0 5] fc &M¥8— 1 4 4 0 7 2^&$8 

fctt, i^U3>'^fbli©K7^X>y^>'XX@{Cfe^5 

£ N X<y^y^X7 L -v ? (DMa«fct) 1 5 0°CJXL?K^ 
1 5 0°C«±3 0 0 o CJXT (Hl:L<t£2 0 0°CJ^±2 40 
5 0 °C«T) «^Saffi{c+ 5 "CWrtOfflSTM^ 

t y x* * rt®#gp©iaa*iSiat toi&»-f § c t 

TJ\ U 7* *rt®^©X5Xvfi£&<ottiiStf«# 
U ^^*^x/N±-\©X7XvM^o#a»^iita 

[0 0 0 6] $7c, 1f^¥5— 2 7 5 3 8 5^fSfC 

a, ¥tf¥S^oX5Xvfflagatfe^T, ^yx 
u>x (waws&xg) , 7*-#xuyx (X7 
x~?m^m) v'p&<tt>-yjic^ -fyx^mmcx 50 



#H¥ 1 1 -3 4 0 1 4 9 
4 

<Ditmtim±x^^(Dx\ E.fc±fffls<DMi& j p, warn 

[0 0 0 7] 

imafifmLzsnTzmmi ±Eo«t3t, x^x 

[0 0 0 8] LfrL&tf^ WfcE 
^ffi*t£&oiJltffi<D?£fi£2 0 0°C~2 5 o°csgw 

Kfc#1irfc*jgfc4»), Xn^xoBSltt • fifftttffg 

[0 0 0 9] 1t.tX.tts S.C. McNevin, et al., J. Va 
c. Sci. Technol. B 15(2) Mar/Aprl997, p. 21, ' Chemi 
cal challenge of sub-micron oxide etching' lcl&^ |§ 

1 7 0 °C tc^f blT 3 £ Hf bJIx 7 7 U- h W 5 *CU:« 

JrafscfcA^^nTi-'So ctDasfcLTfi, fuss 

^x^-±-\£DK«OiiK/bW>bT, Iffkjlx 

fc, !ff{cif^aX7Xv7'«, JftfiflSK-eX^X^tfU 
7 * * ftg t 3ft < fflSflUB"* 5 fcl&fc, y 7 * * rtg|5(D 

[0 0 10] £5>t<7 W&ffl&~WZ, ±b2<DX5Xv£ 

rtn i: offish ffltf, iasaEfbKWLT^Kiaa; a 

i02(OF^(c J:5x<yf-U- h i: MSoMoSi^^ WBI 
^^fg§$nT*3D, (D. L.Flamm, et al., J. App 
1. Phys., 50, p. 6211 (1979)) , C <DMf^*150 o CJ^ 

±©ruafiiitciiffl-r§ i:, graj$^200 o c^p,250 o cw 

±T*ii> x 7 fb-i «%adHftn(caa[(c4fin lt^ 

[0 0 l l] fi£oT, coj;9aKia»«Ttt, SJSM 
fflili, /ci:x.a > ±5 0 C^rti:^^|»g^W$n^o L 

^ta^e»> rtsstiflfffiaax^xvt^s^nsfc 
ictes SSfflit, Sje^w^istt-^^vyxaif 



5 

L<&V\ 

[0 0 12] ^lAJfii^IO'jy^ 
<D Ml t oi^T & % X It & 5 o U > X£iD$l L TUffi t 

EfS£li»©tt»fcJ:l«iI:T?#T*K Ui^rtM^ffitf 

rt ©SBi&tf if^-r 5 c n b ^^^Wfc^^-r § 

[0 0 13] Li Lrcmm*M8:t%X>t-D(Dl5mi)\ 
f- -v rt Sffi?: # U v—fc «fc § ^ffi a — r -r > XS 
"Z?&*f 5<Ifc"efc3o fcfcfctiN 1#H¥7 — 3 1 2 3 
6 (Jfctalftl) ©£8£©iB£fc 

[0 0 14] bfrbfctfB, C©*&{c{iS®OffiS* 

iWfc-rs &©?&£<, 3>^5xyhs?©$w 

^*lW?^§io?gg«, Cfife&Pl 
ft) <fc 0 5 CJLX±{SVMI£fB)$2ftTV^©#T'£ 
t), SJt©fEBfc8r$©»fi^o^Tte#«tf&£ftT 
V^V\ EftKBtSStWintoiT (Si OPa) ©if 

m t irat ©n vMuckw^v? ©?i^»c o& 

[0 0 15] *fgB^;b ±IB©MS£ft?&T3fci&fc:& 

snfcto-p&'K U7**rtap©ffi£fcas£j£i*i© 

^fb££C Xn^x©ffil14 • ffiftt 

t t> tc i r«3x h xwmx t § X7 x 

[0 0 16] 
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6 

li, HffMB#©Sgtffg^i3: 2# U v-a^^jtA,T^ 

fc«fctfJWgj«*oia«*-^K:{|i!lW^-*c 
bofrt> bfcSWPilJWBJKSnS;:^ LfetfoT 

[0 0 17] fcfe, ifBEfc^T 1 ; 7^7 Xrtltffi©Sg 
10 r^XM < fct)t+^ffi<-^J i:{±, 7XM«fc0t>5 

±1 0 o C^^gT»T§C^^S^bT^§o f 

re ^xM^matfoiafi^fej;^ loomi io 

■CS«Tf**«^Ktt, SfiffiHttl OOtJMT, sis 
[0018] fcc3T-2r, ur^^rtastfe^rii, 

[0019] *ftm&, ±m<D$amzm~3^xti:t£titc 
ftxmmznzimzuw-tzw&t, mw&mm* 

WE.* § UffliSOfi t % 77XvM^lgfi{i:^5^^ 

laMiisrt-ex^xvKw^ct: o tuiaffl-a^x^x^x 
30 vftb> Miamasop'ggPT'X^xvfiisi-^rtgffi 

So 

[0020] *^B^©ffi(D#^{i> Miaoa^s^ffM 
« 2 o °cw±fg^fSHT\ ± i o "cartons-?, w 
[0021] *MBji©flii©fr$!^ tuiaoM^ai^ffM 

40 S'tirSMaSrtgffiWfifi^ OTCfithlOOtfilT, 
b < a 2 0 tJULh 8 0 °CWTO|BHT\ ± 1 0 CJW 

rto«fiT\ mm* zztic&z* 
[0022] *%m<Dm<D&wite, mm<DmmmfH<Dm 

aE^^O. lPattilOPaKT, gSb<«0. 
5 P att±4 P a^Til-r^CttcSSc 

[0023] *fgs^offi<D^ii«, fmv>m&m%WM 

[0 0 2 4] #f§f!B<Dfl&©ftlSW:, tuia^Ma^rtiiffi 
50 fc»|g*tifc*^liojSS*JlilWr«»iya-bX*# 



(5) 

7 

[0 0 2 5] *58WO?6tfl!io«N»{i, immm 
[0 0 2 6] *3!B£©ffi©#1iti:, ±IE«I^©ftgB 

■e^x^ts-r^iijsasftflDfije*, i oo°cw±2 

5 0 VIXV. US L < « 1 5 0 °CW± 2 0 0 °CUTO|S 
0. lPaJ-XllOPaJ-^ ISKiiO. 5Patt 

[0027] imm<om<o^WAt, mmmmm>&<D 
wj >xkts d, ^^a5s.o^7XvKsrss 

&o 20 

[0028] *%^©ffi©#»4, ±m<D^mmm^ 
Win^ns^SPp^ojgWJ >Xtt?&9, ^©/p& 

[0 0 2 9] #5SI£©S5fcffl©#«{J, MfBOX^X 
vMgBtc&^T, fufBrtlI1ifiWp©X^Xv^ 

[0 0 3 0] *fSHJ§©te©#»4, ±|BO*^«fi§lifT? 30 
UMMfflZftZ,3Sh<DMmtt, 1 0 0°C^±2 5 0°CW 
T, U% L < 14 1 5 0 °m± 2 0 0 °C^T©IEBT\ ± 

[0031] *i%m<oi£t>\m<o®mt, ±fE©x^x 

[0032] *mifc&nif, -f^x^tm^^^m 
fix®-mm&LT, jaii^^gffiox^xvtgf 

3g^&SWigBn a p©affi^ tfyv-fCcfc^ffin- 
fY^MMJti^o fLT> U7^ftlgffi©?M 40 

*^ t ftmm&'fv xvtc j; t) x y ? y nzmnt 

-T^y^lti, iM©IMA^T-^§©T\ X^Xv 

tse start, iiiBfciBtJMifli^cavxDTf, % 

[0 0 3 3] ^-^y^-rt^ffiiDSa^^x/Nj; 50 
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z-vtzib, ■fv-txvmmit-iaM.&tf 

-So 

[0 0 3 4] £/c, rtffiBfcBr£0«*ffl*Sfi£lllff 

» bTa^i^fiSc$n/i^a^rtigffi©«^p n p^s 

t) tH L ? X <y h ^7 y -x y >?% E Tex-s i tutc ff 

o t ^ mmzm£.t a c t t\ &M&Fmm f^mm 

LXX)l-?v h*{&T2#%:^ttt>^ g^©S£ 

[0 0 3 5] -7a, *«WO?SKflSO*MlCJ:nfcf, 
it, fr-Q^p a p£f*©i^M£+#fc/J^ < f § <1 ticX 

<£*imx*%Zo $rc x a p©^ffi«*/h^<t-§cii 

X©gJg«DSSbT, 1 0 0°CW±2 5 0°C&L 

i$l<«i so °cw± 200 °axT<DmmiziRM 

?Z£EK&*), fcj;^2 5 O*CfiU:0Kfi1»WK8S 
*|j)cgp n a p ©laSSS^ Xn -fe x M L THH W t ^SP L 
[0 0 3 6] *^©$5{cfi&©^«K:J:n^ MUM 

rtsp-p X5 xv tcg-r § ^^^p a p©iag%, ftftmmt 

SJS^a©iJH^ fe * a Jm^SfflaE"?? t S i: 

K»*ffllSiJT*tSo 5 5.^, Mfi* 1 0 0 o CJ-^±2 5 0 
°CWT, SJKSl 50 °CW± 2 0 0 "CJ-XT^fSHT 
±1 0 o Cl^rt©HST\ SiJfflJfSCtfCfcfJ, 43«fc*2 

lucttLTm.mximwx*, m^^StomstSEBt^-s 

5)tcM4Xp-tXt^LTt^HWt^#L*t,^^ 
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9 

[0 0 3 7] 

[oo3 8] incfev^ saa^ioote, i o-6T 

ftl 1 0£\ Tfflcte?3:^%:Z<DMmv/ltWm-?Z> 10 
TSBSffil 3 0£, *ft-?nfi§*.TV3o 7>rtl 1 
0 tTfflWM 1 3 014, WLT^lRjfS^T'^e^tl 

5 0 ^ft, saa^i o oojiafc^, ®&n-r;n o 1 
a, i o i b, a-^ i o i ct^r^mmmmmi 
o ltfmmznxisVs m^^mm^-omm^ 
B&ztiZo fit, ryfti i ofresstltsns* 

[00 3 9] Mag 1 0 0 ©HIS 1 0 2 HMrtffi 20 

©sa^jp-r^'»^<y h i o 3&$.m>jMicm$-$ 

%>o hOfiKli, 0°C~100°C, HSLOi 

2 0°C~8 CCCOIEHT-, ± 1 0°CWrtOligTM$ 

n?»o -73, ma^i ooit u^mi osimmzti 
rcummik i o 6 tcx KiXQEffiZftx, mm 1 o 

0©rtg^0.1PaW±l OPaJ^T, HSLO40.5P al-^ 
±4 P a WT©ffi£©ffl3JEE:fcKUgSftSc «ia!S 1 

o o&itfxss i o 5tt7-x*<fcfcfcoTV3„ sa 30 

1 0 0 <D§Jlt 10 2, >>>^-y M 0 3 fiM^a^r 

[0040] mm%W(Milrz>Ty7-i- 1 1 ofi, pffi 
«iffti 1 1 , 1 2, itftyyyi 1 3^5 

Jti§o Ri«ilfti 1 1 ©T^Xvfcjgf 6 

fC'jy^'l 1 6tfi8gSftS 0 KSOX7f>^ $§t 40 

^©^a^T^^Ma^xii, ismm^mi 7^5 
[0041] nffitt#*{*i 1 1 ryv-i-mm 1 

2 l , 7yri-&mfaWMl 2 2*\ ^ft^'ftv-y^y 
7J)l$?kl 2 3, 1 2 4^/CLTS^n, 

$/c7f 1 2 5^aLT7-xtcg^?n^o r> 

ftfgl 2 1 M£L<te300 MHzfrf.900 MHzcDUH 
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nffi&ffw&i-£ti& 0 -73, 7yf-j-mm$.nni 2 2 

«, P3ffitt#«*ll HC fcfcAfcflOOkHzggOflSJi 
i£, ^-S^filSMHzA^lOMHzgjaOif^jg^WTT.^ 

WiD-rscfc-r, R««**f*n ltcs-rsyu-h 

1 1 5©gffiTcD&S£»rf 3 0 -fV~Y 1 1 
xz^ftiSjLTVSOT*, Jaayn-txtcto fcfe^t 

&^t, tv-h 1 1 5om®^, mnm<D'yvny^ 

ll-#y%EttZ>ZtX\ fls-h 1 1 5<D^mX<D 

tDlMtb^HSf 5 0 1 5©Tffii:7x^W 

<D£EH *Vv7i:^.£) 3 0mmJXtl 5 

0 mmJ-XT, SI; L < « 5 0 mmiXt 1 2 0 mmttTi 

[0 0 4 2] Rffi«^«f*l 1 1 li, H^L&WSfi$'J 

^msofi^^^n, RS«««f*n 1 tarts? 

U-M 1 5 (DmffiU&tffflfflZtlZo vy?i 1 6 

[0 0 4 3] «LaSl 0 OOTSMCti, 7^f"f 1 1 0 
tcttfcLTTSBSffi 1 3 0»tent^„ TgPSffi 

1 3 0{C(i, 4OOkHzfr5l3.56MHz0(8H©/W7**;ft 

£&f&-rs/V7x«ig 1 4 1 ff-wf-yprnm • 7^ 
[0044] rmnm 130a, h*%#sb i3kc 

^W««gfi^f5o H«55#SB1 3 Hi, ?<D±ffi 

4Wati^„ ^LT, H*®Sffl©it^«M 1 4 
4^7YM 1 4 5t*0SCl 0 0 V~Sk VOEi5ft* 

hi 1 1 i^raicfM-fa^-oy^fcfg^s-eT, is 

SW^T^ii 1 3 0i:iC®3» • ffi^-r^o 

i: Zci;^{^fk7;l/5x^A^fk7;I/5x7 

[0 0 4 5] $p>{c, liS&Wli, ^oaffiRJiS^Mfflif 
§fcJ6(c, 0^L^^?gg$W#ISt «fc <9 ^OSffirSg 

oui, »«®«gfii 3 1 tim^nmtDmmm 

7x/N©iSjSt±, §ST-*5J; ; eioo 0 c~iio 0 CJ^TolBH 
[0 0 4 6] H*®#^S 1 3 1 ©±ffi<DK^W 
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<DHwmc&. uffisvyfi 3 2Aiit5timo 

UnttVy-yi 3 2tti, s i c^ifc-bv^^^* 
3 2 fi, 7;^7&H©£Mi{*l 3 3T\ ttsg&fgs 

1 3 1 tmmztxZo s^k, mmsvy-yi 321m 

mW \ 3 3*ftLX>U77.WU\ 4 lA^O/W7X 

fclftffciixyf-^fciJ^T, Wfi#y>^l 3 2©W 10 
fMfc «fc t>W8#U l 3 2 OgItOF7>'A;W 
^yi-y >f®-&itfo±t2> c t t? fr 5 „ iS**ft u > 

7"1 3 2 li, /V7X£«k?>;(ini»Sn5fcfe£, 
[0 0 4 7] imWm^^^X^^yi-y^Wit 

-So 

[0048] aia^M^-efes^xMwti, 0 
^LTi/^v^MA«^^5aagi ootcjtA^n 

fc^ T^*ffil 3 0cD_Bc«B-^3f£n£o *L 

m&i 0 6fc«fct)iiss^snTv><o smw© 

X7fy^llt^S&«'X, fc£*.fcfC 4 F 8 £ A r 
*k l 7^ 5s ffij£<o»t*i:iimL Tc 30 

tMAr8t!30 0 s c cm, C 4 F 8 Mm 9 s c c 
m^&oT, 7>77 1 1 0©7°U-h 1 1 5fr5>#Pf 

tioo tcftt^nso p?Bf tc, saa§ i o o t&msm 
1^106 DffSisn, saa^ 1 o o ortgp^m^ 

WM?n^„ ^bT, 7>77*iU 2 1(^17 

fflsf^fflfc £ Dsaa^ i o ortt7^Xvp^4fiSc^n 

5o £©75XvPfc£»7 ^a^X^?g|$^T^^ 40 
2 2, /W7Xltjfil 4 1 £$iJfPLTs ^lAWtl'y 
fc i: £tf$&g#X©&*&£#it LTX7 

[0049] jt, ^mmm^&f^^x^mmm 

tciJUi 0 3O»j;D''jy^i l 6, Hfi#U^ 

x, mmcmwLx^< 0 50 
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[0050] %?mm 1 0 3 to^r, m it * dumb 

■f3„ ^"PtaiKBbfe«J:5t, MilMl 0 0©i|gi 0 
2 ©«-&>>> 7 -y F 1 0 3*^241, S&jgttfcJ: 

[0051] Wklzyfy^Jitu 
^ ma^xt br c 4 f 8 1 a r ©*i£#x££ffl^ 
tj±^ 2 p a -^afcLfejsft, ur^^rteisoiafi* 

^xmSS (ts^l 0 0°Cgfi) <fc*Jt+^ffi^SS 
"?£-5 2 5°Cfr5> 8 0°C©ISHT± 1 0°C&,fa(DmmX 

^WffM2n§£i:£jtffibfc 0 CCfcSfcR-hntor 
r£TF (SPaWT) ©EErtlBir?ttx;M'#-©«W 
*>tft£&nf 3©-Z?, Hi|»{C^tt5Y^y7^XF© 

fiic^tis mmumtm^t^m^mmx&-Dtc 0 ^© 
KHSfk%s*Wfu rae*Hc-r § kmc, wmmms 

°C, 50°C, 80T!7i#«b £§!©»£ (tgIR»KJ±) £X 
PS (Xi|gft*?#ftj£) T*##rUc£:C3, %<D£5 

[0 0 5 2] 

IliSfi C (%) F (%) C/FJt 

25 °C 45.6 51.1 0.89 

5 0 °C 43.9 53.8 0.82 

8 0 °C 40.6 58.2 0.70 
c omzkfr 5 fc fi 5 & <fc 5 fc, 1RI£SAtfffiv>S E ij 
-$yi) yJ-ft^tft-iX^Zo CCX&^L 
x^r^t\ c l s tr—7©^-^P), MSSfi^ffiv^ 
{J E*-4?y|W[±©^*^-efe sj* U 

®xim&m£LxM.mztiTctmmxi*% a 
[0053] %rcz<Dmm$fcit, iisffi©sgt*± 1 

0°C«ft©lfJST»$nT^§©T\ ^©itlt^tfi 

*^ LrcBttommtmf&ztix^z<it*ffl&Lrzo 

2 o o 5 ^n>©^jpt$rti«$^ 
n**^fc 0 5 etc, ^©Mtty^Xvt^LTtSv^ 

Btt^bT*3»3, 7^xvsaatcfcoTfeji*ffi©ij 

Mb /to 

[0 0 5 4] £(D£olC, U7^^rtgffi©SS^ , 7X 

mmfoiKD^ b^i^H^t mm* 7**«ifii*j 
itw scim*. c©iitt+^*»7vXx' 

14*#LT43tJ, SlS^^CfJII^IffiSffi^©^- 
r >r ^;l/©f*»3Wtt«"r « ©T% U 7 9 ^ rtIt©f£HJl 
i:bTfffflt§o b/c^oT, W±^b/cD«fIb 
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7-{*tl2n5<D7\ W7vXv14cDiS^S i C^ifCD-t 
45. ftfcHSfift*«fiH&5 0 o Cgfi©l6H 

g, fc£*tf7;l^ftfljv''tt{;f<fcv\, 

v\ W^tt, 7;l^ffiftfc£;U47/l/V^h#ilf L 

t, set, 7;pv-rhMaT'4Cfctaffl*?L^is^? 

J:^Eii. iS5m:J:£lgift7;l/5flffii:*tllJli:©^ffi 
icftSS-tf* 7;l/?affii:ii«lli:©m«tt^ 

*)ozt>\ commits 'y^Mmmm^m<Dfyx 

■?ZV--y mm L T§l<D±t*tft»ir 5 c £ X\ 
iOS^^-^tfi^T «fc V\ 

Co o 5 6] Kfc&y 7^co^tibiet3o T 

2 14, /UTXBliPti D^©Sffi7-©£jSft»f 5 

•p-r § fc 46 1 , win/ u 7x fcfifi««irr § & 

£ 0 Lfrfc, UMillKl 3 l ftffl&A,7TF§5»ffifc 
/ W 7 7©ftl9P t / W 77K <fc 3 iP$i*5 <fc rf fix&mK 

ft, 0 2{c^-rTSP*iii 3oowi t 

[0 0 5 7] TgB«K 13 011 lffiWfti!§«#§« 

1 3 1 1 i Dfiat-rs. unease i3n±, seni* 

1 3 4 £<fcD7-7. 1 3 5 t«Wo *^SSMT 
14, Ufc^U 7?" 1 3 2ft, 1 3 1 ICftL 

XmmWl 3 3ft/>LTWf SCt^D, /W7X 

*gi 4 i^e^*e*ns-'W7x«^o-gi5ft«s$ 

■&TiP^.S«jgi:LTI/->So Bi*p£ft3'W7X{4, Mi 
£if#l 3 3©)?& J f>WHt«fc»3PS-Z?t5o 
/W7XffliP^|jgi:-r§c:iitcfcD, TSBfcffii 30© 
V y<? 1 3 2 'xOE^SJiftg^/c t> , M 
^'J^l 3 2fCgiJ©/^7X*igftg5^L/£t)-r5 



(8) #P?f ¥ 1 1 -3 4 0 1 4 9 
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[0058] $/c, mmw^mi 3 1 14, sn/eMg 
snr^So % lt, M^wi:n«®#gBi 3 10a 

if 1 3 2, |g^f* 13 3, H*®#aS 1 3 1 OPeltt 
£$W#XcD$itg8 1 3 6 A, 13 6 B«2tl3 0 * 

^1 3 2:4, fffeom&tciffiztircBM&a&mi 3 

tl5o iKD^S, It^'J^l 3 2'\<D/W77EPiO 
fc, /W77££3iP!l&£^*77^7Mc4:?)K{S£ 

[0059] (KDcfc^fc fflftisvyvit. mwur 

20 7,c7)eniPi:/W7Xtc}:i.M^^eiKc<fc§^(D 
[0 0 6 0] **5, *^Sfi«r!lT*t4, fc&ffltfXKJ: 

[0061] *ic, yyfti 1 ofcov»T8Wrs. 

tcf47>r7iSJH)S«^l 2 2^g|K*nT100kHz@S 

fcJtRp^n-So Lftibt Rffitt#*f*ll Ucftf 
§7U-h 1 1 5(4, /U7ZrfmbU2ft5t£$>ic% 
o^ffiJSSfeMffli^nSo 7b- h 1 1 5t^XAt» 

■fe*ftg£ffc"f scfctfTts. 

40 [0 0 6 2] 7b- M 1 5 0^J1SI50U^^1 

i6i4, 7u-m 1 5 tmmtcTyTi-mmftimi 

2 2lc£Z;U7XX*1$imU ZttVyfl 1 6 0ii 
§«ft/h$ < 7§ c £T*SS^{to!Sg14ftiii&TV> 
5. cnft03ftfflV^TiKHJ-r§o 

[o o 6 3] m 3 &4, >; 1 1 6 oaswaws*^ 

b/cHSSPTfe5c *HMiJT(4, 'Jy^'i l 6<Djgfc 
ftii< LT, ^o7b-h 1 1 5 fc*©-*^^ 
t), froWtU^l 1 1 1 5t©J!ftW* 

gWM<%5J;^M?nWo 7 
50 U-M 1 5t7y77aiiffi*77ftE[]to7§i, 7b 
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it, K-#*7v7%E<DinimM*m^'Z^-&^<D 

[0 0 6 4] U y*f 1 1 6©/W7XEntog^OtSw 

it, /UTxic&zmmbmm&aiz-zi:?^ ret 
ommjw±i:'r«o u>yi 1 Q(omwt, /U 

SSL<«4mmJWTi: > r5 0 CCD* 3 tJfV^Kfcf 

5 c t t\ u > ? 1 1 6 vfmmtf'bz < * s o cog 

H, 'Jy^Mfci;^ 1 0 0Wi:2 5 o°CWT> SI 

iioii so ica± 200 ^c^Tfcinii-r s c t^wr 

tJt^T^BSSiSo^fb^jaKSfkfcWLTlftja-efift 
[0 0 6 5] ijy^l 1 6©J¥#H\ x^H©itli£#P 

'J^*i i 6©*m, yy^i i 6^\osjiS4^i*o±t 
v\ ;:©J;?tc, yy^i l 6 <o$igtt&/h£ 

#hrs©T\ Ma#tt-\oi^^$v\ stc, vy? 

l l 6©WIdti, MHommZKt&X.Z^z.t&MZ 

5, |ffll3 0 0mmO^li, U >^©*@ s {ifej;^ 
5 0mm^7 0mmtSD, ZVBMW&V 7 9 Zft 

mm±mcttLTfctx.tf2 o %iTFt^K^ < % 

So c:©i:?fc, %$F a <Dmmm%:'b2<tZ>£tT:\ m 

&*&fflimtMab l t y a -t* x-\(D»s^OTj-e * 

[0 0 6 6] fcC3T\ _hfa©^SfiWI«. /^XvicJ; 
L&<T&, MS7n^x©M{tfc:±D> x-yf^ 

[0067] ^sswc&^-ni, mnfavyfi 1 3 

A©-gKV JllBUV^l 1 6i:ra«£DSial 1 6 AT 
IW^l 1 3 AO^Xvtc3fi^{|iJ{^ Ifctttt'iS 



(9) 1 1 -3 4 0 1 4 9 
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*^ft£:M-f 5 fc 1 7L \f7)V 5 i-MM* £'©*5«tK 
f*l 5 l^MStm^o •?• Lt s *5W$»&1 
5 2 ' jfi*^)bWS»«*tU *WSiSig 1 5 

3, Itft'J^l 1 3 A£riiBiLT\ 1 5 

lT!RiR*n> U^l 1 6%iiam?5 0 *»W*1 

5 itt*^i«fcj;»)jaiHWfcipj»-i»tsoT?, mm®. 

5 i£fi§ttf*yy^i i 3 Ao^XvtiavMBI 

tC^g-TSCilT, H*f*Uy^l 2 3©7^Xv{c£ 

p. $ n 5 gtffl©?Ufi£ <fc o flf ustcMffli-r 5^ ^njtg 
h% 0 ztbic /wrxBiipffii i 6AtiD, itft 

'J^l 1 3 Att/W7X£J;oT&i«]$i£ft5©T\ 
S«£0)S^tt^[Rl±1-5o 
[0 0 6 8] -77. *^HffiIf#Sl 5 2ttsM/$M 5 
4t|gtt£ftSft\ 5 4titflt'J^l 1 3 

AoKttiM*w?.n, *©BMBifc*fx(i»&^a i 

mfiXlt, X5feflt¥® 1 5 6 A, 15 6 B-eifitStl 

20 5 0 t:©^rxeij{c«fc0, St**U>^i l 3Ati*;l/ 

^1 5 4^ilbTra^nSo Lftibt, /ci:^«'S{l 

mrmmicit'U7x t ? y~?\z *. & imru ma^t 
fS]±-rso d©^*> itft'j^'i 2 3©sis^fe<fc 

* 1 0 2 5 0°C, M$L<« 1 5 0°C^5 2 0 

o °c©isht± 5 ~ i o °cn&<Dmmx»MW}v2% 0 c 
s%i^*wj*n«o s/c, if«*u>^i 1 3 a© 

[oo6 9] ±ib©03, ®4<Dmmmn.^?tit>. 7° 
7X^icmt%vy?i 1 6, i 3a^ 

m l t jii<D*a*«^ t, ©t*^ o rc^ y 5 X 

m**U MftWPl l 3B^ ?&jgt«fcSSfiM 
fflIT»2 0°C~ 1 0 0Xm&<DWR"&!m?&*><DT*3b 
40 So 

[0070] z<DmMmx*&, n*'j^i 1 3 

»Jt6tlfe?&«»E»l 6 1 fftjK«c^*&¥S 1 6 2^ 

6 3Titih$nSo lltt'J^l 1 3B©igg{i, 0 
^LT^ftv^Sga y h D-^^iSSlttJ: t) , F/r 

n<Dmmm%o zomrmmcxv, -fy%-?% 
is*f*u yf\ 1 3 b ©?as% 2 0 °c~ 1 0 0 

50 t>m mt%<DT\ mmm y? 1 2 3 ©sffi^^jstir 



(10) 
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[0071] m&<D&mmi*. i^n&Mi 
h^>rct>\ imznzmmii.\M^£MK&, ret*. 

fcf 2 . 45GHz <D ^ 5 n Jf\ ifc S W4» 1 OMHzfr 5 300MHz 

a & < , rctx imwm u * n mmx t * 

[0 0 7 2] 06 14, *fgBH£, If^ftRIEg 
S (Y^hnyR I Egff -^Magnetically Enhanced 

riesb) fc»8Lfc«n?*s. ns^sifcLTojaa 

liooii, ilg 1 0 2 4:, ^x/N&4f<Dimw£fcB 
TSTfflfltffi not, ;:ntcw^LTg±fi$ns±gi3 

tztiTjmz&i 1 7*:, MQ®^mmj±%m~?% 20 

X^IMKS 10 6 4:, fuiET8P*«fc±a5*ffi©[ffl{i:fB 
IM88£*tf**#fS£#a2 0 3 4:, KSgg&rtliUK 
W^^-&5^W^#S2 0 2^fi|x.Tv^c f&W 
f££¥S2 o 2(4, IBRO*^UK5Sfeli3-r;W«ia 

1100 co^Mtc y y^tcea^n, xuiSAffitcv 
im£.?znmc£t)mm%x*-77X-7itLT, x^ 

XvP£?g££-i*\ M^WWi-T^o vX* 
hn^RiEifS, HW^¥S2 0 2fz:«J:t>«^i:fS 

jJiasrr*»iftiii:«*5Wgis?n*oT?, n^x^x 30 

[0 0 7 3] *mMM~Ctt, M 1 Tj£^fcHfiSM4:[55«i 
fc, Mai 0 2tc«rt®©SgOT#t-§^>^-y h 
1 0 3tf3m~aSmicM&-$tU ~»^7 h 1 0 3C« 

7 y h (Dm&ff 0 °C~^ 1 0 0 °C, MM L < (4 2 0 
°C~^8 0r©IEHT\ ±1 01CWrt©«ST?Mffll$n 
§ 0 h 1 0 3J4, tt£Z.lf7Jl>v( MflS&jfi 

L/c7;l/5-^A?«1-§o 40 

[0074] coj:3a«ii«fcJ:t), yr^rtssfc 
(DummtLTimu ^^m(Dmm^unmm-\ 

fgmmxt, yy-y?^XY <Di&Tfc~D%tf%, t £ 
fctc, »X5Xvtt©i6^S i CfcH<0-fe5 5*X*{j£ 
5&B#fc<, gfe°p3Xh(DfgM^nj^4:^§c 50 



11-340149 
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[0 0 7 5] *HfitM^ti, 0 1 , H2T3Kfc 

^WJ4:TOc tflB&U^i 3 2K, 

m^tu fEZicfix&mtczKitiitii-rzz.tT*, u® 
tsvyfi 3 2iz&if%mmRfc^u®(Dmm^tf%: 
^fkT-tSo SfcHBfk, /W7xtj;^inii4:^^>' 

[0 0 7 6] 0 7 14, *fg0j!£, ^CTSS^^jffl 
0 014, §M 1 0 2 4:, V^^%£(DUUW*W.W?% 

rsmmi 304:, <intW[qi , r«±a5tiffi2 1 o, ts 

«fctf±a5*ffi2 1 0fc^H9&LT*SIH|li:*fMeJ8 
££#3*J?IS£¥&2 2 l 4:£{f;tTv^ 0 ffife<om 

m^xtmmm 1 o o i^c#x#^#s 1 1 7 <fc 9 em 
^xvfbbr, XvXvp£#g££-t2\ imw^saa-r 

So _kg|3«ffi2 1 014, *«£2 1 12ftfi8ft2 1 2, 

2 1 3-?*e<i?nTM»>> ? y^ r 2 1 4tc^5n§ 0 s 

/c, *«2 1 1 <DX^Xv{c^-r§i!l<Dffi{C{4yU- 
h2 i 5t>\ ^(D^m^y-tVY^y^z 1 6*^« 

$n§c S^— ;l/FU>^2 1 6 14, ^»*2 12,21 

3%77X-?frt>um?5£mmic, unmyfi 3 

[0 0 7 7] #HSfi0!lT*l4, H 1 -«fi^fclQtWfcra« 
tc, 1 0 2 opmiDMSWi?**? M03KJ;D 

0 °C~^] 1 0 0 °C, MS t < J4 2 0 °C~*5 8 0 °C<DfBH 
T\ ±1 O^rtO^fiTM^n-Sfcfe, BX^Xv 

ft^wr 5*san*^fi8«nT y 7 * *rts<DftMK& 

FU>^ - 2 1 614, 03<D^St^4:|WI«lC, ^cDff^'S 
}?<, ^oXl^-h 1 1 5lcMLxy-)l¥Vy^'2 1 
6 <D-Bttfffrfr <9 , froffiflSfi 4: 0«lW%»ja3b'">* 
<&5<fc5£«#;JttT^-5o C©rci6, XU-M 1 
5tc*ti^ffliin-r§4:, ^-^FUyX2 1 65b^-b;l/7 

[o o 7 8] 08 14, imm*, mmm&m<D~/yx-? 
mimm^mm Ltmxh%o n&®mt Lxnmm 

1 0 0(4, fMi 0 2 4:, Vx./\fj:Z<DMUVl*mWt 
§TSP«ffil 3 0 4:, ?5K2 3 0fc£U*.T*»>, ft^ 

1 0 6T*8JEE»SaSttS. ^«2 3 0^±g(5(c 
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SI 1 7 ft, iSMffln-/;P2 3 l(c«fcS 

feffiS LT feigVVL y i-y mmmfe L Tff 6 ft 
£ 0 10 
[0 0 7 9] #£JSWCtt, 0 1 ^^/c^ffi^^f 
fc, MM 1 0 2 OrtBSOfilSW^+'iry M 0 3 fc«fc D 
0 °C~|<J 1 0 0 °C, MS L < It 2 0 °C~^ 8 0 °C©IEH 
T\ ±1 0 , CJKrt©«S , tfM»P£ftao C©fcJ6, 
7XV'|4^-T§it^m^ffM$ftTU7^^rtgcDffi 

2 \z^T^mwu7x$\Mwm. t fjxmvic <t d , 

*»%KitLT^-r^;l/?§4^gM£ft3o 20 
[0 0 8 0] &43, MfB^&^SfiWi, v^ftt>jaa*f 

<y f - y M hts fttAtfx;i'^'JvWCVD 
[0 0 8 1] 
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[0ffi<Dfffi¥WJ!] 

[01] *^cD-*5ffiMtc^§, ^yXviyf^^ 

[02] *^©-§tMI-£S3, M^yy» 

[h 3 ] *mi<D-$mm-c-& § > u yfoymmm 

[04] *«^©-*!twefts^ ^yyia^'j 
y?<Dumm'mm*tm'?&z>o 

[0 5] *^©-^jfiMT*SS, ^ffit^^uy^co 

[06] *%m<D-mmmic%5, wspir i e^x 
[07] *«^o-^st«fcaa, ¥fT¥«sy^xv 



[0 8] *&m<D- 



i o o-Mas, i o i -KWBjs^a, i o 2 -Ma 
sfiM, i o 3-^>^-y k i o 4- tfx&s&m 

1 o 5 -Has, i o 6-H«ffl*a«$, i i o-7yf 

^ 1 1 o-RSttsi**. 1 1 ii3- 
mnfcvy?, 1 1 s-xv-k 1 1 6-fiKw»¥ 
g, ii7-#x#*&m 1 2 1 -ryy-i-mm, 1 

2 2-7>ftI^fiiiS, 1 3 1 3 1 
-HWS&BSfi* 13 2-M8&'J^ 1 3 3— fftK 

14 1 -/WTXm 1 5 1 •••jfcflJftlRfls 1 5 
2-*ftiWm 153 -**1.jijiSt, 15 5-# 
X#l!l&m 1 4 2-#«®#SS, 1 4 
1 4 7 



[03] 



[04] 



[E93] 




152 





118A 



(12) 



W fflW- 1 1 -3 4 0 1 4 9 





(13) 



ft ffi¥ 1 1 -3 4 0 1 4 9 



[08] 
[He] 




[JItiJB] ^Ffig 1 l¥8^9B 

&mm i ] 

as -r § X3&5$ t * *r t s X5 xv jaasBtc ft^ 

iKIlirt 7? X^ Xv^ttfc «fc t> IWBWI^X* X^ 
Xvftu 

sx^xvMa^c 

T, 

Bo 



[0 0 0 1] 

« «fc ff MSStt fc« 9 , fc W*SiiI@tc « 5 ffi 

ffl^/^-y^ffMt-§<Dtc»ji^X5Xv®agB*5 

[0 0 0 2] 

>y^yX, 7>y^y^&H©MtaXXa-bXT\ X5 

xv5aaSH^jA<ffl^e.nrv^ 0 XvXvjaatj; 

Sn/cXD-bX^X^XvXv^^StJ: *) X^Xv 
[0 0 0 3] iKOX^Xv^aXn-feXXti, 

-So 

[0 0 0 4] COfeft, X^Xvfflggflfcfc^Tli, 

[0 0 0 5] fcfcfclf, WM¥8— 1 4 4 0 7 2#4MB 
K 14, * U 3 ym<tm<D F v-f X >y XXgfC felt § 



(14) 



raiSFF 1 1 -3 4 0 1 4 9 



1 5 0°CW±3 0 0 WF (l!$L<(±2 OOW±2 
5 0 °CWT) OKfififit«:± 5 "CJ^rtOSSTfJW^ 
F^x>y?->*gBtfl2*£ftT^.5„ £©£? 

y 7* * ^ffi^-gpofig^sjatjipiiwrs c t 

[0 0 0 6] Sfc, ^¥5 — 2 7 5 3 8 5*f&|g{c 
'J^* («lf*ffi&¥S) > 7*-*X'J^ (75 

ftglA©^-r^ *;l/©tt##{gM£tt£= 

[0 0 0 7] 

BBftWSSt L cfc a i: 1" 3 &jg] ±12© <£ 5 f vX 

[0 0 0 8] LfrLfctfS, f-+»V-rtBiIk 1tfc|£ 
V^»£t>OillBffl©fi®£2 0 0°C~2 5 0°C@S« 
±©Bfili:jfi£ , r« i:, xy ^*T$fetf flBS®©iI 

[0 0 0 9] S.C. McNevin, et al., J. Va 

c. Sci. Technol. B 15(2) Mar/Aprl997, p. 21, 'Chemi 
cal challenge of submicron oxide etching' tc& N M 

ftD, ^x/N-±^(7)^*cDJiaW>LT, IMx 
-y^b-h#miLfr&©tffi$J£ftTV^o C(D£5 

7^*rtBi:5S<fflaffffl-rsfc«)fc, u 7**1*3$© 

SS/^v^x©^{b{cJ:0, rtUgffl^KJS^j^© 

[0 0 10] £5>tc, ifig^Ti±> ±fe©X^Xvi: 

So fcfcfctf, rtB®Wft£LTSi02£/J!^;rdi£\ S 

fc£*<*R&2tlT:|5»K (D. L.Flamm, et al., J. App 
1. Phys., 50, p. 6211 (1979)) , Z<Dm^^50°C&, 

±<Dmmffimcmmt% t, itgg^otrcfr e>25(ra 

±T(i, X>y h ft^Mt^ctui^n LTV 

[ooi litter, ;:©<fc?fti«ii^-e{±, rSSftJ 



JtKM®fS©«§^T*li*l\ cti^^-rs 
fctt, SiSfflfptc, Sfi&ffl^&fcfc-*^^:/^ 
©ta^¥S^fflt^ c fcicftstf, r£g«©$l*g • ¥ 
S*^feA^t)t«:oTLS5o £©J:5&iff 

ffiliX^Xv t J: 9 x y ?-y *£ nrffimt 3 o L fctf 
rtSffi©gPp D p^£^^^1-S^WSD, ft 
^iS©nxh±#{co%*'S5 0 Sfc, taUUcTct&x* 

;i/^-%s-r5©T% ^)i^-rm<DWi&frp>m$. 

[0 0 12] ft&&R9Stt. ^XMJf>*ffiJfH©U>* 

©tqjftfcovTtfeTiiSSo y y^iPfaLT^f 
5Ci:-c'-KjS4fi!t^©f^±Kii:T ; tSt(D£D, gJafg 

[0 0 13] C3 Lfc§SS£!8ftT50-£'O©££jbt, 
■pffiH-rSilfc^feSo W7-3 1 2 3 

[0 0 14] C©^K«g®©^H* 

?S*JB*S#SIBM>iB«tt, 7-*tf-x (Minx 

fftVo £E^fgHtl!(Hmtorr (gc 1 OPa) (DM 

T) ©JEflffiHT?^ S^^^x^^-fk^^?© 5 ? 

x.p»n§o ?€>{c, ±ta©^ftiMT?tt3^*5^^h* 
d cA,f£n-Tv y*s^^xv5aa^^^^-g 



(15) 



If ffl¥ 1 1 -3 4 0 1 4 9 



[0015] *miit, isnomm&mkt&ftibtt 

[0 0 16] 

[0017] £gg§& &£MfcE&gjI£ g &t& 1 

[0018] *m%, m&m . t, 7yX^m .m 

[0 0 19] |« gfcMgRMig^rtgifUcffSBgg 

[0020] *%wfc«fcntf, y^xvscst & vim. 

HMO* U JtA,? LoA^ L/cl««*ji^ 

x$>z>(dx\ T^xvfcsesnrfc, Meases 

[0 0 2 1] ^-vyA-ftUffiOSg^XMi 

mmt(ommm&®<, Lt^ummticMbxm 



So 

[0 0 2 2] $fc, rtSi5fcBr^Ott*iB*sa^litf 
<9 & L feme V x y V 2 U - x y 7% £ T'ex-s i tut It 

o t ^M^^-r %ctx\ &n<D*mmmi&M 

c. SBOlHttfcJ||«ISTf<0l«BI*SEJf-r 
[0 0 2 3] -3?, #fglE©£5{Cfl&©1#&£«fcfttf, 

«i«^*«iiii!iLT®S4jaiioiaitfc 1 1 a 5 

X£Dg)S*Hli^bT, iig* 1 0 0°CIX±2 5 OtJ-X 
T, MS L < B 1 5 0 1CJ£U: 2 0 0 ICJWTOlBHKa^ 
ta;ii:tcJ;D, fe«fc*2 5 o °CJ^±o^Sfi^tc^ 

^B)cgpp a pCDriilS^»]^yD-t!Xtc^bTllS«tc|^b 

[0024] *««©?5fcffi0tfafcj:ntf, saa^ 
Kfc&mmmic 1 1 a a t « 1 1 

»»*ffliMTtSo SJK* 1 0 0°C^±2 5 0 

t:WT> 3* L < t± 1 5 0 °C;X± 2 0 0 "Cl-XT'DIBHT 

±1 ovim<Dmmx\ ftmt&z.nx.&*), is&zz 

ffcEWtTWSTttavoT, *» a poras^iti^$ 
5tcM^yp-tX{cMLTt^fiW{clB#t*v^^ 

[0 0 2 5] 



(16) 



fSHfW 1 1 -3 4 0 1 4 9 



[o o 2 6] si ncfc^T, saa^iooii, i o-6T 
o r r m&<Dn&m%mmmrji$&m£v%>Q. z<d 

r-f 1 1 Tmz&v^&}i<DUftw*mm.t2> 
tspmi 30^ ^nfm^ti^o 7^771 1 

§o $fc, J&ggi o oojsiHfcte, S^n-on 0 1 

A, 1 0 1 B, 3-* l 0 1 Cfr54*«»»J«#ai 
M?tl5o ^LT, 7^771 1 0fr5Sfcl<fSftS« 

o i Tj&jgsnsflflifciDfflSft 

[0 0 2 7] JfflS^ 1 0 OCDiJM 1 0 2 fcti, iJHrtffi 

©sa*wrs^+^y h i o 3tf3m>smKUW-$ 

n%o fLT, S^$"y h 1 0 3©fi^cf4f!&S{#t±^ 
3 0 KDfiS{4> 0°C~10 0°C, H$L<{4 

2 o°c~8 o°coigH7\ + 1 ov&pwmmvmm-s 
ti5o -77 ms^i ooa, M^mi o sicg^sn 

/cSS^m^ 1 0 6 £«fc DUSSBRlStlT, MSM 1 0 
0 ©rt«jWUPaJK± 1 0 PaJ^T, US L < ttO. 5 P a W 

±4 p aWToBfScHaaE^tus^nSo 9mm i 

0 0fc«ktfj|££l 0 5«7-X«fiit*oT^-5c M 
11^ 1 0 0 tOdiJit 1 0 2, 7>7>y h 1 0 3fiftfeH£: 
S$ftl&£*tt©J:v\fe 7ttf7;l/Sx<y-.k& 
tt&JRWBfc LT, *ffitcjB^Xvtt07;l'V-r h& 

[0 0 2 8] WlKS^Sdrfr §7^x^-1 1 0 P3« 

tt#w*i 1 1 , mnm 1 2, it^uy^i 1 3^5 

[0029] Rffi^«{*i 1 1 fcti, Tyf-i-nui 

2 U 7>77^MSl 2 ftlftlV-yfy 
y@SS • 7f/I^£l 2 3, 1 2 4^LTg^n> 
$fc7>r;I/# 1 2 5£iILT7-X{<:g|!2ft3 0 7V 
77SM1 2 1 t4, US; L< (4300 MHz^P>900 MHzCUH 

Fflfaafa»o«**(iMi&L, /yfti 1 ofrzwmv 

««afeb%WSn«. 7y77,SjlS®gl 22 
S4, R«S*{*11 lf7 fcfc*lflOOkHziga©{gJI 
8u &3W4i&MHzfr6lOMHzgfi©ra/§&©^77X£ 

ffljta-rscifcT?, P3ffi«#ttftn ncgfsT'u-h 



1 1 5©g®T0SJ&&fflfl?1"3o 7U— b l l 5«7 
fc, /ci:xJ4\ CF^tfx^fflv^ciHtJtx^^fc 

fei^T, 7^-h 1 1 5<Dtin*s mtmwjzyq 
%-$y%Z£tzz£X\ -fu-b 1 1 5©stffi-e© 

F 77#;l^CFx77 , #;l/©SS£M®LT, ^iT^ 
©ffifiiclt^tffllgf 3o 7U-M 1 5<77Fffii:7X/NW 
©ESli (JMT> +>-y7fc«?£) {±, 3 0mm«±l 5 
OmmOT, M$L<145 0mm«±l 2 OmmBTFi: 

[0 0 3 0] Rffi«H*ftl 1 1 14, HSLfct^fififM 

U-h 1 1 5<Q^ffiSa#»2tt3o 'Jyy*l 1 6 
{4, 7>77ffi^?£*IU 2 2(cJ;SA7777M£ 

[0 0 3 1] ffla^l 0 0©TSPKt4, 7^771 1 0 
1 3 0 400kHzA^13.56MHzOffiHO/W7XS7^ 

*^e-r«/W7xf8si 4 l^'v^f-y^K- 7^ 

4 2^LT^^tlTiS^W^ffIJin-r§/W 
7*£MfflJf Sfcfcfcfc^ 7 4)19 1 4 3£frLT7- 

[0 0 3 2] TSMffi 1 3 0 14, SM3»gfi 1 3 IK 
£•7 ^©±ffi, t£fr^tffi«Bffi^X/^£(DM 
*4W£«Bf«firSo H«%#SB1 3 itt, ^£D±ffi 

fc#«®#fflsi«#:i oar, mtm^Kftts) 

«?nti^ 0 •?• LT> #*®#ffl©itt)^*ig 1 4 
4 i:7^r;I/^ U5t4D»l00 V~»k V<DE^« 

Bl l lfc©IWfcfM!***-n;/a*38£2tfT* It 
^W«TBP«fi l 3 o±£!Rj§ • ffi^7^o 

[0033] unwt, z<Dmmfcfo*ffl'm 
^3fsossfciai»*tiSo ^orcfetc TSPti 1 3 

0K«, H*®#gBi 3 l i:IS^W©M<ol!&fi^tt* 

[0 0 3 4] H*®#gB 1 3 1 <D±ffi(DfiffiW 

O^Blctt, Un-^Vy^l 3 2Al»^nT^5c 
WR&y>^l 3 2tt4> S i C^HcD-fe^S^T.^* 

3 2 14, 7;l/57£if<0*frlftl 3 3 7\ ff*®#SB 
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1 3 1 mijns. S5fc imsvytfi 3zicm 

MW \ 3 3*ftLTsU7XnW.l 4 l*5©/^77. 
2 *\<Ot W7X EPJn^fiSI L T , ^©Sffi^oaS^ffjiJ 
fclftftilx •;/?■;/ ^fcfc^T, M^'Jy^l 3 2©# 
ft ffl «fc D iSS£ 'J^l 32 ©Stffi-£ ©F5 

x -y ^ y ^-tt*^±-r * c t w-v t 5 „ tm$ u > 
7i 3 2«, /wrxicfcOAn^nstttc, eii** 

[0 0 3 5] **Mfc,fc§^XVX<y^y^gafi 
W±©<fc a Kfl&aSttTfc *) , iio^Xviyfy^ 

fr?^©Jltt«&7n-feX£, Hl*fflv»T»wr 

-So 

[0 0 3 6] 3:1% Mii^^-eSS^X/NWti, 0 
SLTi^i^MAM*5Ma^ 1 0 0£iKA£ft 

m Tap®ffi 1 3o<D_ticmw - ®Mtt\%o *l 

X'yfy^it^ftA'X, fcfcxJf C 4 F 8 t A r 

*% ^'xt^fgi 1 7*5, mfeoffimtm&it. tc 

tZ-\£h tWMZ 0 0 s c cm, C4F8jgi9scc 

m^rtoT, ryft i i otD-fu-h i 1 5*e. Ma 
i o 6 c £ oaatsn, Ma^ 1 o o ©^g^ms 
stwetf^si o nci;D, pm<Dftfttim<DM 

miMiS,* tiZo ^LT, 7>77«iU 2 net 0 7 
>77i l 0fr6WO*«»*%*f*n, SB«i:© 
ffl5ftffl{cd:DMa^l 0 OrtKT^Xvptf^jffSn 
So C©^XvPfcJ;0, Ma#X£$PS££#T^;t 
y • £5{c7y77il5JI$«iU 
2 2, 4 l^MfPLT, ^iaWCX7 

^y^tDMa^f^c ^LT, x>y^y7Ma©l*7 
K i: fe ftV\ *ft*J «t tf Ma#X©#±^£{#lh LTX -y 

[0037] ?t, **ffi^fc*tts77Xvsaasp 
fcfiflgi o 3©rtffife<fctfuyyi 1 6, tC8£?U>^ 

[0038] s-fiJiii o 3{coi^t, muc&vmm 

fZKWftLfr&oK, Masi 0 0 OfiOS 1 o 
2©rti|{C{±^»^r-y h 1 0 3tffi8SStU ift«f*tcj; 



[0039] *fg0j#5«, mitm^v+y-yzuMt 

tC, Ma^T, t LT C 4 F 8tA r ©ig£-7XX^£ffl^ 
TJ±Jj2 P aT«LfdSII, U7^^rtSffi©Sfi* 

•JiAfig Cfccfc^i oo°cgfi) <fc<?t+^®v^SlS 

■PSS 2 5°C*5 8 0°C©ffiHT*± 1 0 "C^ftOffiST 

^II*'ffMJtl§ili:^MtHL7co £©£ ? &i5(+mtor 
r&Tf («PaJKT) ©EfrfBHT'lix^I/^-CiSW 
5}-y*tftat5©T\ Utt^cfeltS-r^^yxh© 

mam© W£&, wffiaaDWttv^ wbt afiHajR^jg 

°c 5o°c, so'cxtmLrcmvmfc inimmmit) 
ps (xmytmttmo -ewgrLittzz. %<d&*> 

[0 0 4 0] 

fiiJSSS C (%) F (%) C/Fit 

2 5 °C 45.6 5 1.1 0.89 

5 0 °C 43.9 53.8 0.82 

8 0 °C 40.6 58.2 0.70 

c ©ISS* 5 fe n 5 *S «fc a tc, I@Sg*fg^(5 if * 

->t*>";<y^*^®i:*oTV^ 0 llT'KL 

TV^^*, C 1 sfc!-*©##T*5, iJSSS*fg^ 

S [WI±©^*jiA,T?fe 0 , U 

[0041] zrcZKommici*. mmm<ommit± 1 

0°C«rt©f»JgTMfflI$nT^§©T\ H©lta(f{Cjg 
*D L/cltt©«ii*ffM$nTV^ C tZWRLtto 

na/Pofe. ?5tc, ^©^{iT'vXvtcMLTtSi/^ 
Btt^bT43D, ^X^»Ifc<fcoTt>J»Siii©KI 

n^«fi**5n-r, aftofiHfcttfc&a^cfcfcfci 

ILL 

[0 0 4 2] d©j:5{c, U7^^F*3gffi©fig%^x 
SWc^jS^©fS4L^V^H%ii«^U7^^«« 
tt^^bTfe^, JEJSfefflliOiWI-ftCRSiS^o^- 

fc0L*^©T% MM©gPta^©«Jg*fgMT-t, 7 
y-y^nxh©fgTf3**§ 0 Sfc iM*««^ 
T*ffia?tl§©T*, B7vXv14©^S i C*if©-fe 
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mmmumzn^-m 5 0 °css©§gH 

■eSfflrrntf, §Jll©ijn;l&©fc&©x*;^-# v >& < 

IL fc£*t;f7;I/5£fl§V'>ft{£<fcv\, 
[0 0 4 3] ^ ii^^#SL^l«m^-(i:, 
7;l/ 5 tf»fl LTV3 fettle, f^Xvfr S 

tzrctbiz, mmicnftTttHz?— y9Lx$>& 

f;£7;b5©7n/^ hJfflSfcEBI* KafflT?£S„ ;:© 
±3fc* iS^fc«fcsan«7;l/5aSi:±i««ii:©^ffi 

[0044] mc* uftifmywc-D^rmmtZc t 

2 /V7X61AMC j; <3 *©a®T©Ef£v&f&lffll"tS 
T*« 0 d©£t, l04#U>yi 3 2lJ/W7X{cJ: 

•rr s fe* t , man/ ^ 7 x i: sa^fwr § s 

/ W 77. ©» t / W 7Xfc <fc 5 ini* «fc tfjfx&mz 
£,02 lc*?TMmm 1 3 0 ©KffiEl £ 
[0 0 4 5] TgMffi 13 0B, MSW£ft«®#gB 

1 3 1 K&K>U¥f?%* mmm^mi 3 1 mm* 

1 3 4tc£D7-X 1 3 5 tmBZtiZo *W&mx 

mmv yy 132*, 1 3 1 cml 

Tienfti 3 3*irLTmwt%ztfc&v, /urx 
mm 4 i*^«*&*ns/W7x*^o-ap^sa$ 

ftftl 3 30JP*-f>ttltt±»)H«T?#ao £©£?& 
7 xfrMSitfc-fSc TSB««13 0© 

rt*TW«^ U > 9 1 3 2 ^©fi««K6*S^fe K> , IS 
1 3 2fcgiJ©;W7X«g£gfEL7cD-f3 

[0 0 4 6] £fc, lf1l®Wgfil 3 1 ti, ?mffl&& 
#©flSS3 (H^LTvav) ££9, ffi£©i&KK8fc8 

?nt^5„ ?Ltv ism^ftwsssBi 3 log 



3 6^M^n, e^«rx*^Asn«cfcT»j»G* 
^132, mm 133, ff«®#as 1 3 1 ©ratt, 

fiiiffl#X©^£§ 1 3 6 A, 13 6 B AWJtl^o * 

?'l 3 2H, RfT^©Sfi^»^$n/cfl*e&*aSl 3 
ftSc d©^S> IS^U^y 1 3 2'\©/W7X91iJ0 

t«fc5ssE^»i*ws!i$n^ K^yy^i 3 2 tcfett 

^7X(cJ;3jra#^*y7^XMCct;DKJS£ 
im<Dtmi$®!t"e% S©T\ KJS£$tJ©iJg£^ IS 

[0 0 4 7] e:©«fc5fc:, HS#U>^tt, iil;W7 
x © EPto t ^-r 7 x j; § ini& t ^xfiiit «fc § <$£P© 

[0 0 4 8] fc&E 

[0049] jyf-t 1 1 oiz-D^xmmtz> 0 
txicmwmmmx^rcXo^ Riftimn 1 
ic&7yTi-mm$Lmmi 2 2^giKsnTiookHzss 

fc, l©SS«ii(i«i:<fc03f^©# 

57U-h l 1 5«, /U7XA^iP$n«fctfefc^ 
©affiSfifeSW^n^o 71^- h l l 5ii")XAi:S 

C©ffi^/V7X^MnbTK)S^ ! ^^ii«S 
$ 6tc7U- KDtfKfcffiMftOi'U xy%m^ 

X7,ti^y*/{miz&% : &mm.foitm^ztx\ 7p 

■fe x *SSf kf § c i: ft x t? § o 

[0 0 5 0] H 1 5 ©^MgP© U 1 

1 6li, 7U-bl l 5 i:ra«tc7>'r7ajiS*Mi 

2 2{c£3>V7XT«U SStU^l 16©J» 

< T§ c i:T-SS^fk©fS^tt^J6T^ 
§0 £ft£[3 3%ffl^T!tt[i-f So 
[0 0 5 1 ] H 3 li, U y9 1 1 6 ©SSMffli^ffi*^ 

Lrcnmmx&Zo *nmwe&, vyyi 1 6©®« 

^o^«U>^l l 3^7U-h 1 1 5i:©|»W* 

sjss^>ft<*s«fe5fc*«snTv»*, c©if^ 7 

U-M l 5{c7>r7ffi^jS*^*Wtaf5i:, 7U 
-Ml 5'\©/W7XfC<fc»3, -Y^-y*^pfi©^01© 
i^tC'J^^'l 1 6©gffitC?[#jA^n§o *^JfiWlT- 

7\ 
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[0 0 5 2] Vy?l 1 6^^7XEPM^<DtSw 
tt, /W7XK<k5Aq$S#^J;<ff*S<fc5{c> tct 
7Ll$\ 0mmKJ:fct«. 'J^^l 1 6©J¥#« % 
7XT^?i]^Ap^$ti§ fci&fclifc i: *|f 6 mmKT> 
M£L<te4mmWTi:f So o<D<};5 KM^Bttt? 
2>CtX\ Vy9\ 1 6<Di^**VJ^<^5o tdS 
u y 9 1 0 0°CW±2 5 0°CJ^T, 3 
$ L < ti i 5 o °ci^± 200 TcaTfcft^-rs C fcjb^RT 

loss, E*s*j*«oJi«awi«nT, 

fc, COfififEBTkt *5cfc ; e2 5 0°CJ^±O^S^ 
[0 0 5 3] <J>?'1 1 6©i»l4, r4-»±i^W 

sot?*, L^t u y^®*w^-yex^y??nT^ 

Uy^l 1 6 0#K, Vy9l 1 6^<9SSM^tt 
^Ig&ifi^^VXTi&g^ftSo Sfc m^lc^ 
ITc&o /V7X/Wn2n£gP^W«/P#£P 

jaa#ft^\©^#*M^$v\ s/c, vy9 

l l 6©rttid(i, ^©BSJcDfe^frv^t*^ 

6, ISPS3 0 Omm«, U s 

5 0ram^5 7 0mmi:*»3, ^-©^ffi^ti'; 7^£rt 

BiB^ftlcJf LTfet*tf 2 0 KtTFfc-Hte/h* < & 

LT 1 7n -fex^F^S^OTJl? £ 

Tl^S©T\ *©:/a42X^©KS{i£SfC/h£<& 

•So 

[0 0 5 4] tC5T:\ _hIH©HfiffiM«:, T^XvfCfc 

L&<T&, fflS!:/n*x©!8ffl|ftfc<fcD* x-yf-y^ 

§o 0 4 tea, 7y»tJ;5gS»JW«otli 
[0055] ^SfiMtcfe^Ttt, itftyyyi 1 3 

AO-SBtf, ±MZVy9l 1 6tH«<D^jgl 16AT 

m*V>9l 1 3 AcDT^XVtjfilWlts ^tt-iS 
jfcflttfcWR-rSfc i: *lf 7)1 5 -f jfUft if ©*fl« 
f*l 5 ljWftRSnTl^So ■?" L-T> *^HTO¥I51 
5 2 • il*ftfttfSS[|*S*U 1 5 

3, n*'j^*i 1 3A£ffijiLT, mmmi 5 



iTfi?n> vy9\ 1 6£inirfSo **wk#i 
5 1 itmftMiz£*)T3mmcijamT'%&<Dr\ ftwsm 

Kft 1 5 1 ttmniP) y9 1 1 3 AOT^XvfcffiVHHI 

i:ftSo Sfe, iPllMWIt^^OiRiK^ffl^Ti^*^ 
«>, f§iffiS{*f<: <fc 5 taiuc tfc^TfS^tttf «k v^tf 
£S 0 2 5tc, ;V7XEPMP1 1 6Afc£i?, lf*f* 

'jy^i 1 3 Ati>-W7XJi:<fcoTt)iin^n-5(0T% 

M«©j5«rtttflRl±f3. 

[0 0 5 6] 3*ftttftft¥€l l 5 2 l 5 

4K^g$ns#> frfr9i 5 4tmnfovy9i 1 3 
Aop^tcti^^^iteti, zvmffifctfxmei^® 1 

5 5£3ILT, iSfi»fflOfiii^X*m?tlSa e 
&&#Xtt, K^iflh^S 1 5 6 A, 15 6 BT'Mlt^tl 
§0 COtfXfc&fcJ:!), Itftyy^l 1 3 A 

9\ 5 4*jMLTS[f»*nSo LfctfoT, fciliLtfM 

ansteust i±> w 7 x t 5 > 7k i 0 turn u mmmz 

|pJ±-T5c COifg*, ^*f*U>^*l 2 3<DM&%*3£. 
Z\ 0 0°CA^2 5 0°C, M$L<«1 5 0°C^P>2 0 
0 X<OWmX*± 5-10 1C8JSOl»fiTlW»T»t*o C 

sftf^AWJ^nso mnmy9\ ha© 
[0057] ±teco0 3, 04©*ssMtiv^-rnt>, y 

^Xvtgtsyy^i i 6, Htd'j^i i 3 a§ 

iP^LTM<D«a»>$^5t©Tfeo/c^ y^X 

vtcg-rs u h i xmmLrmmnmtmm 

M*^b, Ifft'J^l 1 3B^ ?&«lC«feSSg$!l 
fflJT'2 0°C~ 1 0 0°Cn&<DtmT*MW?5$><DT*$> 

-So 

[0 0 5 8] £cDHSgMT«, ilft'J^'l 1 3 B(C 
^ItCn^^Kl 6 1 M*«^Sl 6 2A> 

6 3TSi?n«. WtftU^l 1 3B(Drggti, 0 
^LT^ft^iSJgnyhn-^fiS^ffl^tCfcO, Fir 

m^ic ®§*f*u i i 3 b ©sag* 2 o °c~ i o o 

ftU^l 2 3£D«cSSb/c^@ftKjS4^cDli 

tcit^-r S y v Xv ^ U -x > ^*flf ffl L T , 
[0 0 5 9] Buia«^S6Mfi> i^ftitW 
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tf2.45GHz©V^nfM\ £5 WiSlOMHzfr 5300MHz 

[0060] 06«, *wm. mmzmwcR i Eg 

S (?^hn>RI ESB^Magnetically Enhanced 
RIEgfi) ti«LftflT»li« 0 m&m&tLT<D9EM 

mi o o ti, iJM i o 2 £xM&£©iCftwfc«ti 
f 5Tgp««i i 3 o axicttfaLTtmznzi.® 

t&#xm&®i i it, M^n^mmmmtz 

HS»S0R 106^ MfBTa5*ffifc±a5«B©Hfc« 

n^g2 o 2 a % «»©*^«5Sfc{±3-r;w«ia 
uoo <mn\c u y^tt^iaa^n, Ma^rtfiPtc* 

xvp£$g£s-e\ ifflw^ma-rso ?e(c, vx* 

coo6i] xmnm-cn, m i t$^c^mm« 

i o 3tf3t8mm\cun-$tu $>>x>y v i o 3©^ 
i o 4^e>«*^M^ig^nT, 

5?+ X >y h ©fifitf 0 "C~£j 1 0 0 °C, MS L < « 2 0 

°ch$8 o°c©iSffl-e, ±1 o°cw^©^fiT»$n 
§„ s>>x<y h i o 3«u Tzt%.\iT)\/u vwrnzm 

LTc7 LXMtfitZ> 0 
[0 0 6 2] CtOJ:3^:^s5c{cJ; U7**F»3Sffi£ 

©mtt+#fc»77Xvtt£*rLTfc»), ur^^rtu 
©££!££ LTffrBU aS&jS&ofWif^iflftg®^ 
©/^-TY^^©^s^fgM-r^>c Ltcif-DX, wmt 

JHSLfeOSMlLfeOba^OT, «©8Bp a p5£g§©ii 
Sa<ffi8Tt, 7>-y^x F©{gTfco&# .§ t: i: 
tt, »X^Xvtt©f^S i CSHO-b^Si'X^f 

[0 0 6 3] *9G6K0!'?& IK H2T?yKfc 

iii^it, Kfi^u^i 3 2tc w?$8£¥S 



^4^^©iJH^^8gffi^\©^-r ^ ^©ttS^fg 

[0064] mm, *mvt, ¥fffisi77Xv® 

oott, nisi o 2t, y^^%z<Dunwzmwt?> 
TSP*ffii 3ot, ctuc*fiprr3±gi«<i2 1 o, & 

££**«*$8£¥a2 2 1 ^kti^o ms©^ 
a^x^mas i o o rtfc 1 1 7 j; Df£m 

sn, i o exM^mmm^mm^tn 

yX^itLX, X^X-?P ffiW*9mt 
§o ±8P*ffi2 1 0tt, «««2 1 ltf|6!if*2 1 2, 

2 1 3T«?ntA^i;y^2 1 4ic{mzn%o $ 

fc, MS 2 l l ©X^XN^g-f 3iJ©ffiU£XU- 
F2 1 5ti\ *<DftMlC&i'-Jl} ! Vy#2 1 6A^B 
$tl5c is-fr FU^X 2 1 6 1*. |fi^f*2 12,21 
3 £X7Xvfr5>«f ISS^U^Xl 3 

2ttt*&LX, X^XvP^a^l 0 OlZiiV&ib 

[oo6 5] xmmmxii., m 1 x^rcmmmtmm 

ic, Mm 1 0 2 ©rtffi©^fi^v'>X-y H0 3ici5 
0 °C~^J 1 0 0 "C, L < {± 2 0 °C~^I 8 0 °C©IBH 

r% ±1 o°cJx^©isaTfijffl]?n5fc46, BXvXv 

tt£#T § *tW»WBJ«2nT U 7 * * rt §©ft»^ 
LXim U ^-r-r ^;b©fgM^{lffi©gp n 0 n S^©« 
fi©ffi«^Rrgl4:*«. Sfc, Kfi&y^l 3 2 {co 
^TtS^W7X0iin«3ii:7jX^cj;D, Sffig 
^^©©a^'S^SfbT-t, KJS£jSfft«9iitt« 

FU>X2 l 6(i, H3©^SfiMt^t, ^-©ff^^ 
»<, ioXU-h l l 5(<:MtT~>-;l/FU>X2 l 
6 ©-ffl^^A^^ t» , o» n p t <D%m%®Mtf'!>%: 

5tc«Xj^0lip-r§i:, HU>^2 l 6A^;b7 
/W7Xfc«fc§^^-yti:<fcDiin^n, K*S4j«ffcoit 

[0 0 6 6] SIWI6^1!07*7XV 

mmmwicmmLrzMx&%o w^M^tLx^mm 

lOOIt §M 1 0 2 4:, !>3J\4HOtt8W*tit 
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